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ON THE REDUCTION OF a?-CARENE OXIDE 


Academician B, A, Arbuzov and Z..G, Isaeva 


In a report on the reduction of the oxides of a-pinene and A°- pipe tae (1), a few preliminary data were 
presented on the. nature of the reaction pene from the reduction of A*-carene oxide in the presence of Raney 
Ni, It was shown that under these conditions, A*-carene oxide is reduced to an alcohol of the composition 


CypHygO, which gives the crystalline derivatives: 3,5-dinitrobenzoate (m, p, 131-132") and acid phthalate 
(m, p. 158-159"), 


During a more detailed study of the hydrogenation of A*-carene oxide, we found that, in addition to the 
» alcohol mentioned above, two other products are formed~ alcohols with the same general formula, CyH,0. 


As already indicated, the first alcohol is apparently identical with ag L-3-carol prepared by Kuczynski 
and Chabudzinski [2] by the ee of powdered sodium in benzene on A* ~carene oxide and by the reduction of 
the isomerization product of Ne ~carene oxide, L-3-carone, with sodium in ethanol, 


The alcohol from the reduction of L-3-catone, which the authors gave a two-fold purification through the 


p-nitrobenzoate and the acid phthalate, had constants very close to those obtained by us for the alcohol purified 
through the p-dinitrobenzoate, 


Literature data: b. p. 110°/20 0 p 1.4808, = 67. acid phthalate m. p. 
151.5° [2]; b. p. 106.5-107713 mm, d™, 0.9520, n™p 1.4822, = — 70.05°, acid phthalate m, p. 158-159", 


Thus, the alcohols differed a little only in the melting point of the acid phthalate; our crystalline derivative had 
the higher melting point, — 


When the product of the hydrogenation of A*-carene oxide over Raney nickel was oxidized with chromium 
trioxide in acetic acid, the ketone CygHygO was obtained, and this gave a peaneus yield of the semicarb- 
azone with a m, p, of 201-202, 


According to the constants and he p. of the semicarbazone, the ketone is identical with L-3-carone [2)— 
the product of the isomerization of A°-carene oxide with sodium in benzene. The constants of the ketone purified | 
through the semicarbazone are: p. 81-83°/7.5 mm, 
1.4105, 0.9467, = — 110.6°. The constants 
"of L-3-carone are b. p. 98-99°/19 mm, n 1.4703, 
_ d™, 0.9507, [alp = — 140°, This same ketone was obtained 
ws Va : by us in small yield by the dehydration of B-carene glycol. 
— - with p-toluenesulfonyl chloride in pyridine, the study of which 
Ww’ was undertaken several years ago with the aim of clarifying 
In order to identify paaeeneny the described product 
of the ee of A*-carene oxide over Raney Ni as 
L-3-carol, we eoteninns the latter by the action of sodium on A*-carene oxide in benzene, Moreover, we also 
pursued another goal— the preparation of the product of the isomerization of the oxide by sodium, L-3-carone, 
and the study of its reduction by LiAlH,. 


the course of the reaction (I or II). 


From the alcohol fractions we prepared the 3,5-dinitrobenzoate of L-3-carol with a m. p, of 131-132 
(from alcohol) and the acid phthalate with a m. p, of 158-159°, which showed no melting point depression in 


> 
; 
- 
i ‘ 
. 
: 
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mixed samples with the corresponding derivatives of the product of the bpengenetes of A®-carene oxide over 
Raney Ni, Consequently, one of the products of the catalytic hydrogenation of A*-carene oxide is i-3-carol. 


Among the hydrogenation products, we also detected very small amounts of another CyH,,O alcohol, 
which gave a 3,5-dinitrobenzoate with a m. p. of 126-127 and a p-nitrobenzoate with a m. p, of 109-110°, 
From the melting point of ms p-nitrobenzoate, the alcohol appears to be identical with the 4-carol formed 
by the action of sodium on A*-carene oxide in benzene and first isolated by the Polish authors [2]. According 

' to their data, 4-carol does.not form an acid phthalate. We were also unable to prepare an acid phthalate. 


It would appear that 4-carol could readily be isolated from the products of the catalytic hydrogenation 
- of A*-carene oxide by treatment with phthalic anhydride, However, this method was unsuccessful, probably 
because the alcohol is dehydrated by phthalic anhydride, a process which is indicated by the formation in this 
‘reaction of small amounts of phthalic acid, The crystalline products appeared to be a mixture of the derivatives 
of two alcohols. The following were isolated: the acid phthalate of L-3-carol with a m. p. of 158-159° (86%) 
and an acid phthalate with a m. p, of 102-103.5° and [alp = -— 38.96° (1.36% in benzene) (14%), which corte- - 


sponded in analysis to the alcohol CygHygO, The latter could not be isolated in the pure form by a 
of the ester owing to the small amount of it, 


The alcohol could be one of the four possible stereoisomers of 3-carol, It would naturally be expected 
that two of them would be formed during the reduction of L-3-carone by LiAlH,, since according to [3, 4], 
under the influence of LiAlH, cyclic ketones give a mixture of stereoisomeric alcohols with a preponderance 
of the thermodynamically more stable isomers, The experiments showed that under these conditions, L-3-carone 
reacts to form a mixture.of two stereoisomeric alcohols, the mixture een. of 75% of the already known 
L-3-carol and 25% of an alcohol with the constants: b. p. 67.5-68°/3 mm, n™p 1.4826, d™, 0.9567, 
Lalp = +43.57° (3.2% in ethanol); MRfoyung 45.93; CypHygO, MR-ajc 46.20 including a contribution for the 
3-membered ring. The alcohol gives a 3,5-dinitrobenzoate, m. p. 103-104", and an acid phthalate, m, p. 


(114-115, [alp = + 40.46° (1.73% in benzene), Oxidation of the alcohol with chromium trioxide in acetic 
acid gave the original L-3-carone, m. p, of semicarbazone 201-202, 


- In connection with the above, it seemed of interest to us to study the reduction of A°-carene oxide with 


LiA1H,. 


According to the taennene reports of preferential rupture of an oxide ring at the less substituted carbon 
atom [5-8], the reduction of A*-carene oxide by LiAlH,g would be expected to form the stereoisomeric tertiary 
alcohols as the main reaction products, We found the only reaction product to be 4-carol, described by the 
Polish authors (2), b. p. 76-77°/7 mm, m., p. 30-33", LaJp = + 21.1° (2.8% in ethanol); yield 65.9%; m. p. 
of 3,5-dinitrobenzoate 126-127° (from gasoline, b, p. 66-70°), m. p. of p-nitrobenzoate 109-110°, Both esters 


melted without depressing the melting point when mixed with the corresponding detivatives of 4-carol isolated 
from the products of the catalytic hydrogenation of A®-carene oxide. 
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. ON THE INTERACTION OF INHIBITORS OF THE AUTOOXIDATION OF 
‘HY DROCARBONS WITH ALKYL AND PEROXIDE RADICALS 


I. Ivanov and E. D. Vilianskaia 


(Presented by Academician NIN. Semenov, December 27, 1957) 


It has been previously shown experimentally that some inhibitors of the liquid-phase oxidation of hydro- 
carbons by molecular oxygen are able to retard the exidation process only if they are added to the oxidizable 
material (white oil) prior to the beginning of the reaction, while others can inhibit when introduced at various 
stages of development of the process, It has been proposed that Group I inhibitors can tie up the active particles 
which initiate the chain reaction (chiefly hydrocarbon radicals, R"); Group II inhibitors interact with peroxide 

compounds which arise in the initiation stage (hydroperoxides, ROOH) and in the development stage of the 
reaction (ROOH and peroxide radicals RO}) giving inactive products [1]. This proposal has been confirmed by 
the absence of interaction of Group I inhibitors with hydrocarbon peroxides [2] and by ‘their lack of effect on the 


thermal decomposition of hydroperoxides in solution, while Group Il antioxidants sharply accelerate this process 
(1). 


It was later found that there exists an inhibitor Group I which, like the representatives of Groups I and 
Il, inhibits the autooxidation of hydrocarbons when added to the system prior to the beginning of the reaction, 
* but which, in contrast to the inhibitors of Group II, is able to inhibit the developing (uninhibited) process only 
in its autocatalytic stage. A certain generality in the chemical structure of the inhibitors of each group was 
noted, and a classification of antioxidants on the basis of chemical criteria has been proposed [3]. 


With the aim of obtaining more complete experimental confirmation of the above-cited concepts of the 
nature of the action of antioxidants of Groups I and II and with the aim of elucidating the features of the action 
of the iwibitors of Group Ill, experiments were undertaken in which alkyl (R*) and peroxide (RO3) radicals were 
introduced directly into oxidizing white oil, and their effect on the activity of antioxidants of Groups I, Il, and 
Ill in various stages of the oxidation of the oil was stmdied, The antioxidants used were p-hydroxydiphenylamine 
for Group I, 4,4’-diaminodipheny] disulfide for Group II, and 2,6-di-tert- butyl-4-methylphenol (Ionol) for 
Group III; the first two were added in an amount of 0.1 mmole, and the thitd in an amount of 1 mmole per 
100 g of oil, As the source of hydrocarbon radicals, R°, we used acetyl peroxide, which, as shown by Kharasch 
~ [4], decomposes in solution chiefly with the formation of CO, and CH; radicals according to the equation . 


\ 


-CHs > 2c0, + 2°CHs 


Reronide radicals, RO3, were obtained me the interaction of cumene hydroperoxide ye Co naphthenate, 
which proceeds, according to Kharasch, in agreement with the scheme CgH,C(CH,),00H + Co" — CgH;C(CHy),00° + 
+H*+Co", The acetyl peroxide was added (in the form of a 2% solution in petroleum ether) in an amount of 
0.03 wt.% peroxide based on the oil, while the cumene ‘hydroperoxide and the Co naphthenate were added in 
amounts of 0.3% and 0.01%, respectively. The raw white oil (p™, 0.8814) was purified [1, 3] immediately be- 
fore an experiment, Oxidation of the oil (30 g) was carried out at 117° by bubbling oxygen through it in a glass 
_ apparatus, previously described [1], in the absence of metals, When the source of radicals was added before the 
start of the experiment, it was introduced into the oil before starting the oxygen flow, whence.it was at the ex- 
periment temperature (in this case, the antioxidant was previously dissolved in the oil), 


: 

oo 

. 

. 

e 
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The results of the first series of experiments (Fig, 1) show that the introduction of CH, radicals during the 
initiation stage of the reaction sharply accelerates oxidation of the uninhibited oil, practically eliminating the 
induction period of the process (curves 1 and 2, Fig. 1), The inhibitors of Groups I and Ill inhibit the start of the 
oxidation of the oil in the presence of added CH} radicals, while the Group II inhibitors cannot do this (curves 4, 
Fig. 1). The latter also lose their stabilizing action when alkyl radicals are introduced before the start of the 
experiment,into oils inhibited by Group II inhibitors, while the inhibitors of Groups I and Ul completely protect 
the oil from oxidation under these conditions (curves 5, Fig. 1), When the antioxidants are added to oil which 
is being oxidized under the influence of added CHy radicals (uninhibited oil), the inhibitors of Groups I and Ill, 
in contrast to the representatives of Group II, — completely arrest the process (curves 6, Fig. 1). 
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Fig. 1. The effect of the addition of a source of CHg radicals on the oxidizability (increase 
in acid number) of uninhibited and inhibited white oil in various stages of the oxidation 
process, 1) Uninhibited oil; 2) inhibited oil containing a source of radicals added 

prior to the start of the experiment; 3) oil with antioxidant added prior to the start of the 
experiment; 4) oil containing an antioxidant and a source of radicals added prior to the 
start of the experiment; 5) inhibited oil after the addition of a source of radicals during 

the course of the experiment (time of addition is denoted by arrows); 6) uninhibited oil 
after the addition of antioxidant during the course of the experiment. 


The same three antioxidants gave the same results under the same conditions when teiraethyllead was 
used as the source of radicals; the lead was added (in solution in oil) in an amount of 0.03%, 


Group I 


- 


inhibitor inhibitor 


Acid oumbe; of oil, mg KI 


Fig, 2, The effect of the addition of a source of RO, radicals on the oxidizability of 
uninhibited and inhibited white oil in various stages of the oxidation process. Legends 
for the curves are the same as in Fig. 1. 
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The interaction, under analogous conditions, of these same antioxidants with peroxide radicals CgHg- 
*C(CHy) 00, was investigated in the second series of experiments. From the results obtained, which are pre- 
sented in Fig. 2, it follows that the introduction of peroxide radicals in the initiation stage of the reaction also 
unusually strongly accelerates the oil oxidation process (control experiments showed that Co naphthenate and 
cumene hydroperoxide added separately cause less acceleration), The antioxidants of Groups I and II retain 
_ their inhibiting action when the RO} radicals are introduced either before or after the beginning of oxidation 
Min the first case, Ionol, however, merely eliminates the accelerating effect of the introduced radicals) and 
also when these inhibitors are introduced into oil which is. being oxidized under the influence of introduced 
radicals (Fig. 2, B and C), The antioxidant of Group I does not arrest the reaction when the RO} radicals are 
introduced either before or after the beginning of the experiment. Its introduction into oii oxidizing under the 
influence of RO radicals also does not inhibit the reaction (Fig. 2, A). 


Thus, the results of the test of the effect of R° and RO} radicals on the oxidation of inhibited oil aoe 

- that inhibitors of Groups I and III retain their inhibiting effect in the presence of alkyl radicals, which confirms 
their ability to interact with these radicals at the instant that they appear, i.e., in the initiation stage of the 
chain reaction (with the formation of inactive radicals incapable of continuing the chain), Whence, it is readily 
visualized why the action of Group I inhibitors is limited to the period of reaction initiation, They are not in a 
condition to arrest the process in the development stage, since they react neither with RO} radicals which pro- 
pagate the chain (Fig, 2) nor with hydroperoxides [2] which are responsible for chain branching. 


Assuming that the initiation stage of the oxidation process includes, in addition to the dissociation of 
molecules of the original hydrocarbon, RH, into ‘free radicals (i.e., a reaction not requiring oxygen), also the 
direct reaction of the hydrocarbon with molecular O, (6a, 9] with the formation of the same free radicals 
directly or (more probably) with the intermediate formation of a peroxide compound (RH-O, or ROOH, 
according to Bach), it may be supposed that Group II inhibitors inhibit the process in the initiation stage, in- 
teracting with these peroxides [2] with the formation of stable products, and they arrest already initiated and 
highly dispersed reaction owing to their ability, proved above, to react with RO peroxide radicals and also 


with hydroperoxides formed in this phase (secondary) of the reaction ROOH with the formation of stable products. 


The mechanism of the inhibition of the oxidation process in the initiation stage by Group III inhibitors is 
the same as for Group I— the tying up of chain-initiating alkyl radicals. They inhibit the autooxidation stage 
of an initiated process by reacting with peroxide radicals, RO}. The chemical mechanism of this interaction, 
which has recently been elucidated for Ionol [7, 8], confirms the ability of one molecule of this inhibitor to 
combine with two peroxide radicals according to the scheme: 


Ri 


. 4 
ROOH +R,—7 S 0’; 


~ 


The loss of inhibiting action by Group III antioxidants when they are introduced into the system at a later 
_ stage of the reaction [3] is due to their inability (in contrast to Group II inhibitors) actively to react with hydro- 
peroxides, which accumulate in this stage of the reaction and, decomposing partly by a chain mechanism, cause 
branching of the reaction chain [6b]. The results of the following experiments, carried out in our laboratory by 
V. K, Savinova and V, P. Zhakovskaia, confirm that Group Ill inhibitors react inthe course of the oxidation 
process not with hydroperoxides, but with peroxide radicals, Cumene hydroperoxide (5 g) in solution in ethyl- 
benzene (60 ml). was heated on an oil bath (170°): 1) in the pure form, 2) in the presence of Ionol (10 g), and 
3) in the presence of Ionol (7 g) and Co naphthenate (0,2 g). In the first experiment, 86% of the hydroperoxide 
decomposed in 10.5 hours; in the second experiment, 70% decomposed in this same time, and 7,5 g of Ionol 
_(m, p. 67, identified by mixed melting point) was found in the residue; in the third experiment, 95% “of the 
hydroperoxide decomposed in 3 hours, Ionol was not detected in the residue, and only 4 g of dimethylphenyl- 
carbinol (m, p. 29°, identified by mixed melting point) and an unknown crystalline product with a m. p. of 180° 
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+ RO, 2 


were found (a control experiment, carried out under these same conditions, showed that Ionol and Co naphthenate 
do not react in the absence of a hydroperoxide), 


All of this experimental material permits the proposal that the initial stages of the process of hydrocarbon 
- oxidation, inhibited by variously acting inhibitors, develop according to: 


Uninhibited autoxidation of hydrocarbons Changes introduced by inhibitors (AH) of 


(RH) in the liquid phase; pee _ Groups I, Ul, and I 
Initiation 


inactive 
radical 


R + Ay, RH + Ay inactive 
radical 


ROOH + A,,H — © stable product 
~ ROOH- and other active radicals 


Chain propagation ; 
RO, RO, + Ay H+ ROOH + Aj, tensive 
RO; +HR ROOH +R’ ROOH + A,, H — 
| +20, 


stable product 
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ABSORPTION SPECTRA OF MOLECULAR COMPLEXES OF 
9-(p- DIMETHYLAMINOSTYRYL)ACRIDINE WITH 
10-ETHYL-9-(g - CARBOMETHOXYETHY L)ACRIDINIUM IODIDE 


V. A. Izmail’skii and L. D. Vishnevskii 


(Presented by Academician B, A, Kazansky, March 15, 1958) 


It is universally accepted that a bathochromic color shift requires the presence of a continuous conjugated 

_ System, K, between the interacting chromophore components — the electrophilic (B) and electron-donor (A) 
components (endomolecular conjugation of chromophores, “optical conjugation" [1]), B and A together with 

' K form a generalized m-electron system— a co-chromophore [1] (Scheme 1) [3]. 


26. B—K—Q-—-A—K 
BK ak 


3 taK + BKI or 


© The arch conjugation symbol, —~ , denotes a partial 
— in the — case an exo- p-bond [3]. 


per with isolated chromophore systems AK and BK separated by a group which breaks the con- 
jegation can also have a deep color[2, 3] when strong electron- donor (AK) and strong electrophilic (BK) groups 
are present (Schemes 2a or 2b). In this case, the deep color is associated with exomolecular conjugation, i.e., 
with direct interaction of the AK and BK systems through the external field between the molecules;* this occurs . 
in o solid state in a crystal, in the melt, and also in concentrated solutions at concentrations of the order of 

107? and higher, Hence, a third course arose in our investigations: the study of spectra of Type 3 donor-acceptor 
molecular complexes, i.e.; complexes formed from strong electron-donor (AK) and strong electrophilic (BK) 
chromophore systems [3, 4]. We have systematically studied molecular complexes with a BK component con- 


taining the strong electrophilic immonium group C = N* using pyridinium and quinolinium salts [5, 6] and 
acridinium salts (7). 


For the AK component we used wGicciatabinaindapytncdtinn (1), which contains A = N(CH,), and 
for the electrophilic BK component we used the ethiodide of 9-acridinepropionate (10-ethyl-9-(-carbo- 
methoxyethyl)acridinium iodide) (II), Substitution of the CHy group in the ethiodide of 9- methylacridine [7] 
by the group CH,CH,COOCH, was made with the aim of increasing the solubility, 


* Me denotes CHg, Et denotes 


elns special cases, exointeraction through the external field in compounds of Type 2 can also occur within a 
- molecule as a result of folding of the chain (3, 4). 
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At a molar ratio of components of 1AK :1BK and c = 10-5, the color of the solution is pale yellow. The 
absorption curve indicates complete dissociation of the complex (Nos, 11 and 14, Fig. 1 and Table 1). However, 
already at c = 2+10~° (No, 10), formation of a complex is observed in the appearance of a slight step around, 
570 mu ( émax ~ 75). The band is already well formed at c =5-10~°(No, 9, Table 1 and Fig, 1, Nos. 9 and 
10) (the color of the solution is yellow-green), With a further increase in the concentration to 10™* and 107%, 
the color deepends to dark blue, and €, 3x increases to 18,930 (Nos. 8 and 7, Table 1 and Fig, 1), This in- 
dicates a shift in the equilibrium to the side of the complex AK +BK = [AK _ BK] with respect to Amax, 
calculated as the sum of the components (No, 14, Table 1 and Fig. 1), AX =+161 my. The equilibrium can > 
be shifted to the side of the complex by using an excess of one component, 3AK:1BK or 1AK:3BK* (Nos, 12 
and 13); max goes to 616 mp (AA=12 mp, € max is 30,340 (No, 13). It is of special interest to compare 


5 


400 


500 


Fig. 1. Absorption spectra of molecular complexes between 9-(p- dimethylamino- 

styryl)acridine and 10-ethyl-9-(g -carbomethoxyethyl)acridinium iodide, Numbers 
. on the curves correspond to the solution numbers in Table 1, Curve Nos, 8,10, 

12, 13, and 14 begin at 380 my owing to their superimposition on other curves, 


the absorption spectra of molecular complexes of Type 3 acridinium compounds (III) with the spectra of the 
corresponding compounds with a Type 1 conjugated structure (IV), For solutions of the complex (AK + BK] (III) 
(Table 1, Nos, 12 and 13; Fig. 1) Ayuax of 616 mp agrees with Amax of a dye with the conjugated system 


* The differential method of spectroscopic recording was used (4, 6]. With an excess of one of the components 


(n moles :1), for comparison of the spectra a solution was used which contained n—- 1 moles per liter of the 
component in excess, 
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TABLE 1° 
‘Comparison of the Absorption Spectra of AK (1) and BK (II) with the Spectra of the 
Molecular BK) (III) and the B-K-A av) 


B- K- A (IV) containing similarly constructed AK and BK systems superimposed one on the other. The similarity 
is so remarkable that the question arises as to whether As ax of 616 mp for the solution of the complex [AK + 
+ BK] is not a consequence of alcoholysis of the acridinium salt with subsequent addition of HI to AK (see No. 19, 
Table 1). However, the following facts contradict this hypothesis: 


* Nos, 1-16, 18, and 19 in 96% ethanol; the absorption of Nos. 4, 5, 14, 15, 18, and 19 
are from the data of V. A, Izmail’skii and S, V. Dmitrienko (7). 


_ 1, The linear dependence of the absorption coefficient on 1 eames in the segion 604-616 my and 
the disappearance of absorption in this region on dilution toc=10°5 
€max in percent of that of solution No, 12, which was taken as 100 (Nos, 7-13). 


le Absorption band of Absorption bands 
= Ratio, [2] | dye and complex of components 
2 max max| ¢ 
34 et mp ‘max | ‘N12 mu max 
0-Eth 1-9-@- carbo} 
ethosyethylacti- 
inium iodide (14) BK 10-3 406 3930 
386 5 750 
2 |Same (1) BK | 10-4 384 | 7760 
3 (1) BK | 40-5 384°} 9800 
4 (p> Mey N-styry) 
acridine (Il) AK | 10-3 434 | 12500 
5 |Same (Il) AK | 40-4 435. | 10890 
6 (Il) AK | 10-8 436 | 9960 
7 | [AK + BK] 1 AK:1 BK| 10-3 | 605 | 18930 | 62,4] 430 | 6240 
8 | Same 1 AK:1 BK | 10-4 | 604 | 10350 | 34,1 | 442 | 10700 
9 1 AK: 1 BK |5-10-5} 604 4660 | 15,3 | 436 | 17120 
10 1 AK:1 BK 570 75 | 0,2] 440 | 10580 
|i AK:4 BK| | none 0] 0 | 440} 8910 
12 | [AK+ BK] AK in ; 
excess 3AK:1BK | 10-3? | 616 | 30340 | 100 | 438 | 22380 
43 | [AK + BK] BK in ; 
excess 1 AK:3BK | 10-3 | 616 | 25970 | 85,6 | 412 5 750 
14 | [A + BK] cal- 
culated 1 AK:1 BK| 10-3 434 | 14390 
15 Same — 1 AK:1 BK} 4074 435 11 250° 
16 1 AK:1 BK 10-5 436 10000 
17 + BK] in 
loroform t AK:1 BK} 10-8 | 605 | 27770°| 91,5 | 384 | 13200 
18 |10-ethy 1-9-( 
qridine (IV) 10-3 | 616 442 
19 Me2N-styry]) 
dine in pat N [AK-H]*Cl | 107? | 614 29 810 | 98,2 | 358 20 940 


in Table 1 are presented as the values of 


2, The complete disappearance of color on the addition to the alcoholic solution of 2-3 drops of water 
(disintegration of the complex) was noted, 


3. In chloroform,®* where eietaiyes is impossible, there is more complete complex formation than in 
alcohol; the solution with c = =107° 


has a deep blue color, and the band at 605 my is considerably more intense 
than it is in alcohol under the same conditions (Nos, 17 and 7), That the course of the curves Nos, 12, 13, and 

1 differ somewhat from that of curve No, 17 in the 700-800 my region also shows that we do hot have hydrolysis 
here and the formation of a salt with AK (1). 


* Treated with soda, washed with water, dried over potassium carbonate, and distilled, 


: 
. 


4, The intersection at one point of the spectral curves with a decrease in the concentrations from c = 
=5°107* to 107* of solutions in alcohol (Nos, 7-10) and in chloroform (No, 17) indicates the presence of 
the equilibrium [AK + BK] = [AK -\BK]. With an increase in € max in the 495-650 mp region, €max in 
the 400-495 my region decreases, 


5. The formation of colored complexes from quinolinium salts has also been observed with diphenyl- 
amine [3, 5, 9] and with p- aminoacetanilide [5]. 


The possibility of transesterification must also be discarded, considering inte 1) the solutions of AK and 
BK were prepared separately, and were not heated after mixing and before recording their spectra and 2) both 
components are acridinium compounds, 


While complex formation was absent in the case ot complex formation between 1-ethylquinolinium 
iodide and 4-(p-Me,N-styryl)quinoline at a component ratio of 1:1 and C = 10° [6], the formation of a com- 
plex from the acridine components (I) and (II) was observed at c =2> -10°5— 5-107 (Table 1, Fig. 1). The 
tendency toward complex formation is connected with the extension and area of the m-electron system of the 
planar molecule and increases in the order: pyridine derivatives [5] < quinoline derivatives (5) < acridine de- 
rivatives[7]. This can be considered as confirmation of the hypothesis that complex formation is absent as a. 
result of lamellar association of planar molecules with the aid of partial electron bonds, exo-p-bonds, acting 
perpendicularly to the plane of.the molecule along the axis of the m-electron cloud ("complex conjugation,” 

‘**complex mesomerism") (2, 3, 5, 6, 10]. The remarkable similarity of the spectrum of the molecular complex 
(111) of the type [AK + BK] to the spectrum of the system B~ K— A in dye (IV) is explained on the basis that 
the shift of the charge in the complex during excitation of the complex system by light proceeds along the 
m-electron system of the AK complex, Apparently, this is connected with the fact that the electron-donor 
system during complex formation acquired a partial (+) charge and that, as a consequence of the lamellar 
structure of the complex, the vector of the electron shift lies in the plane of the AK component (I), 


‘In this connection and on the basis of [8] and investigations of molecular complexes of quinolinium 
‘ (3, 5, 6) and acridinium [7] salts with components of the type AK, we advance the hypothesis that the batho- 
chromic effect during an increase in the concentration of acridinium iodide (see 1-3, Table 1), especially for 
solutions in chloroform, is connected with the formation of the molecular complex (VII) of the type [AK' + BK] 


Vv (BK) vi (aK) IBK + AK‘) 


(BK is the acridinium salt (V), and AK" is its pseudosalt, Formula (VI). 


10-E iodide (1). Brown needles ethyl alcohol, m. p. 
198-199°, 


Found”: N 9.58, 3.60. CygHyO,NI. Calculated%: N 3.33, 
9-(p- Me,N-styrylacridine M. p. 248° (71. 


10- Ethyl-9-(p- dimethylaminostyryl)acridinium iodide. A blue substance p. 310°, from alcohol 
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A TRICLINIC MODIFICATION OF POLYTHENE 


A. I, Kitaigorodskii and Iu. V. Mniukh 


(resented by Academician V, A, Kargin, March 1, 1958) 


1. Paraffin-type molecules can crystallize in one of three moditicarione~ triclinic (T), monoclinic (M), 
or thombic (R) [1]. Two of these have been observed experimentally (2, 3]. Triclinic unit cells are found in 
normal paraffins with an even number of carbon atoms from Cyg to Cog and in certain normal fatty acids; 
thombic unit cells are found in polythene, n- paraffins with an odd number of carbon atoms or, from Cgg up, 

’ with an even number, and in certain normal fatty acids, etc. A substance with a monoclinic unit cell has not 


been found; this is readily explained, ee oe of this type is of low symmetry and less dense ~~ both of 
the preceding. 


The difference in free energy of R and T packings is small. This follows if only from the cteveninence 
that several percent of neighboring homologs as impurities convert the triclinic structure of a n- paraffin to 
thombic, The densest of all possible types of packing is that of the T unit cell; however, the R unit cell is 
‘more symmetrical, On the basis of an analysis of the packing of long-chain molecules, the probable existence 
of a triclinic modification of polythene was previously indicated (4), 


2. Since the density of the molecular packing in a T unit cell is high, a T unit cell is feasible only in 
the most recent, from a structural point of view, polythene samples, i.e., the purest polythenes possessing ‘a 
minimum amount of side branching. Therefore, the subjects of the present investigation were low-pressure 
polythene (presented by B, Kabanov), polythene prepared at a pressure of 100 atm, using tributylboron as a 
catalyst (presented by G, S. Kolesnikov and T, A, Soboleva), and polythene ara from diazomethane 
(presented by V. A, Sergeev). 


X-ray powder patterns, obtained using CuK qr tadiation by reflection from a crystal, 
showed that the investigated samples of polythene | had a pattern characteristic of the two-phase system R+ T, 
The triclinic modification was present in a smaller amount than the thombic, as shown by a comparison of the 
intensities of the reflections, We had previously observed an analogous two-phase pattern during an sansa ce 
tion of the structural diagrams of n- paraffins (5). 


TABLE 1 
Interplanar Distances for the Most Intense Reflections 


Modification Interplanar distance, A 


n-Cy T unit cell 4,54 3,58; 3,46 
‘ap R unit cell 4,12 
(110) ) 
ressure polythene (R+T) 4,55 (T)| 4,12 (R) (R)| 3,47* (T) 
“A ene from diazomethane (R+T) 4,55 (T) | 4,44 (R) 3,53” a 
go under high pressure(R +1) 4,39 (T)| 3,98 (R) 


Note, The interplanar distances marked with an asterisk are approximate owing. to the closeness 
of the intense reflection (200) belonging to the R unit cell. 


7 
2,58 
2,58 
2,58 (T 
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Both x-ray photographs are presented in Fig, 1 for comparison, Measurement of the interpianar distance: 
and comparison of * intensities definitely confirmed the existence of a triclinic modification of polythene 
under ordinary conditions, The appropriate data are wedi 
sented in Table 1, 


A comparison of the x-ray photographs of the different 
samples of polythene shows that the reflections corresponding 
to the triclinic modification of polythene were relatively 

A ~ more intense in those cases where the crystal pattern possessed, 
on the whole, a higher degree. of perfection (a large number °*. 
of clear lines, the absence of amorphous dispersion). 


B ~—=—SCtstsé@RFaalll, wee may compare our data with data from an 
x-ray investigation of Cy) n-paraffin under high pressure 
re : (S. S, Kabalkina and L, F, Vereshchagin, private communica- 
a tion), The appearance of another phase along with the 
thombic Gee Table 1) was also observed for the n-Cy under 
high pressure. Since the crystal lattice is compressed under 
cdi high pressure, the interplanar distances ate decreased by 3%, 
photograph by the interplanar’ dis- ‘Multiplying them by the appropriate factor, we obtain = 
tances are indicated), B) X-ray photos 4.12 Ay and dy = 3.71 A. While both dy and 
graph of 94% Cys + 6% Cyy (presented for ds both belong to an R unit cell, d, agrees with the inter- 
ee planar distance of the strongest reflection of the triclinic 
: modification of n- paraffins and polythene. 


The nature of the packing in a triclinic unit cell of molecules of the type under consideration was es- 
tablished earlier by us[1, 6]. It can be assumed that the packing of triclinic polythene does not differ from 
the lateral packing of the molecular chains in triclinic n- paraffins. 


Thus, the present work confirms the prediction of the existence of a , triclinic modification of polythene, 
a prediction made by us previously, * 
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® While this article was still in press, we had an opportunity to become acquainted with the work of P. WwW. 
Teare and D, R, Holmes, J, Polymer Sci., 24, 496 (1957). These authors also experimentally observed the 

triclinic modification of polythene, The conclusion formed on the basis of the theory of packing of molecular . 
chains has thus obtained new, independent proof, 


® See C, B, Translation, 
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SYNTHESIS OF METHYLFERROCENE 


A. N. Nesmeianov, E, G. Perevalova, L. S. Shilovtseva, 


and Z. A. Beinoravichute. 


Recently, various mono- and dialkylferrocenes have been described; these were prepared by the direct 


alkylation of ferrocene in the presence of aluminum chloride [1-4] or by teduotion of the corresponding ketones: 
[5] and acids [6]. 


In the present work, we carried out the synthesis of methylferrocene by two routes: by reduction of the 
methyl ester of ferrocene carboxylic acid with lithium aluminum hydride (83% yield) and by reduction of the 
methiodide of N,N-dimethylaminomethylferrocene with sodium amalgam (94% yield). In the latter case, a 
small amount of the ether of ferrocenylcarbinol, (CsH;FeC,;H,CH,),0, was formed as a by-product, 


EXPERIMENTAL 


Preparation of methylferrocene from the methiodide of N,N-dimethylaminomethylferrocene,* A filtered 
solution of 1.2 g (0.0032 mole) of the methiodide of N ,N-dimethylaminomethylferrocene [7, 8] in 60 ml of water 
was added to ice- water-cooled sodium amalgam prepared from 12 g of sodium and 12 ml of mercury. The 
reaction mixture was heated in an air bath at 90-100° for 8 hours, The resulting dark orange crystalline pre- 
cipitate of methylferrocene was filtered and washed with water. The yield was 0.6 g (94% of theoretical), The 


methylferrocene was recrystallized from petroleum ether (the precipitate formed on cooling to — 10°), m. p. 
35.5- 36.5°, 


Found’: C 66,26, 66 463 | H 6,09, 6.11; Fe 27.80, 27.59, CyHyFe. Calculated%: C 66,03; 
H 6.04; Fe 27.91. 


The ether of ferrocenylcarbinol, (CsH;FeC;H,CH,)20, along with some methylferrocene, was isolated 
chromatographically (over Al,O,) from the combined mother liquors from several experiments, The methyl- 
ferrocene was eluted with petroleum ether, and the ether of ferrocenylcarbinol was eluted with ether or with a 
1:4 mixture of ether and benzene, M, p, 128-129,5° (from petroleum ether), . 


Found%: C 64.21, 64.04; H 5.49, 5.45; Fe 26.92, 26.91. CatHOFe. Calculated %: C 63.81; 
H 5.35; Fe 26.98. 


Literature data [9]: m, p. 129-130°, 


Though it decreased the yield of methylferrocene, a decinnate in the excess of sodium amalgam permitted 
_ the reduction of a larger amount of the methiodide at one time. 


Thus, 16 g of the methiodide of N N-dimethylaminomethylferrocene was reduced by amalgam prepared 
_ from 46 g of sodium and 30 ml of mercury (heated for 12 hours), The methylferrocene was extracted with 

petroleum ether (twice with 80-100 ml), The methylferrocene, which crystallized after partial distillation of 
the solvent, had a m. p. of 33-34°, The yield was 6.1 g (75% of theoretical), 


The residue remaining after extraction of the methylferrocene was dissolved in hot petroleum ether, 


methylferrocene (0,2 g), the ether of ferrocenylcarbinol (0,13 g), and ferrocenylcarbinol (0, 15 g) were isolated 
chromatographically (over Al,Os) from the solution, 


eCarried out jointly with Iu, A, Ustyniuk, 


: 
; 
‘ 
. 


The amount of ether of ferrocenylcarbinol could be increased y adding the solution of methiodide to 
warm amalgam, 


Preparation of methylferrocene from the methyl ester of as altima acid, To an ether solution 
of lithium aluminum hydride, ‘prepared from 1 g of lithium hydride and 8 g of aluminum bromide, was added 
1.75 g (0.072 mole) of the methy! ester of ferrocenecarboxylic acid, The reaction mixture was stirred vigorously 
for 4 hours while heating to boiling; it was then decomposed with water and dilute hydrochlctic acid, The 
aqueois. layer contained ionic iron, The ether solution was washed with soda solution and with water, and dried 
over magnesium sulfate. After distillation of the ether, the residue was dissolved in petroleum ether, and the 

_ methylferrocene was separated by chromatographic adsorption on aluminum oxide, The methylferrocene was 
‘teadily eluted with petroleum ether. 1.2 g of methylferrocene was obtained. The yield was 83%, M., p, 35.5 
to 36.5°, A mixture of this preparation with methylferrocene prepared from N »N-dimethylaminomethy ferrocene 
melted without depression of the melting point (35. 5-36.5°), 


Found %: C 66,28, 66.42; H 6,20, 6.225 Fe 27.46, 27,31. CyHyFe, Calculated %: C 66,03; 
H 6,04; Fe 27.91. 


The infrared and ultraviolet it spectra of the two methylferrocenes prepared by the different methods were 
identical,* 


The i, r, spectrum (from vaseline oil): 810-820, 924, 1004, 1037, 1106, 1227, 1378, 1468, and 1655 cm™ ‘.. 
The u, v. spectrum (in octane): Xmax (log €max): 324 (1,716) and 435 (1, 921). 


In another experiment, the reaction mixture described above was stirred for 1 hour at room temperature 
and for 3 hours while simmering, Ferrocenylcarbinol, in a yield of 77% of theoretical, and an 8% yield of its 
‘ether, identical with that obtained from N,N-dimethylaminomethylferrocene, were obtained, 


Methylferrocene was prepared from ferrocenecarboxylic acid in a yield of 20% of theoretical (the re- 
duction conditions were the same as for the methyl ester of the acid), ; 


In work devoted to the alkylation of ferrocene under Friedel-Crafts reaction conditions, one of us and 
N, S, Kochetkov [2] described methylferrocene as having a m. p, of 118-119°, The methylferrocene prepared 
in the present work by the two routes described had a m. p. of 35,5-36.5°, and the data relating to this methyl- 
ferrocene cannot be doubted, The reasons for this contradiction will be cleared up later. 
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SYNTHESIS OF SILICON-CONTAINING VINYL ETHERS 


Corresponding Member AN SSSR A, D, Petrov 
and S. 1, Sadykh-Zade | 


As is well known, polymers of vinyl ethers are raw materials for the production of lacquers, glues, syn- 
thetic leather, etc, [1]. The vinyl ethers themselves are obtained by a very aye manetens 


R—OH4+HC==CH R— OCH = CH, (1) 


which is not, however, applicable to silanols, Ssi — OH in view of the great ease with which both alkoxy- 


and alkenyloxysilanes decompose hydrolytically under the influence not only of electrophilic, but also of 
nucleophilic reagents, 


It is possible to carry out vinylations ‘eisai to Reaction (1) only in the case of such dann-cnnahtine 
alcohols as y ~hydroxypropyltrimethylsilane [2], where, as a result of the considerable removal of the alcohol 
group from the silicon, the former has no effect on the silicon, We have also observed similar examples of the 
stabilization of molecules of organosilicon compounds with the removal of the functional group away from the . 
silicon, Thus, for example, a~-acetylenylsilane [3] could not be hydrated by Kucherov's method, while y- 


butynylsilane, —CH,— CH,C=CH formed the corresponding ketone in good yield [4]. We should 


also note that in the case of silicoacetyleni¢ (and silicoallenic) hydrocarbons — in complete analogy to acety- | 
_Ienic hydrocarbons — the triple bond shifts from the center to the end under the influence of heating with Na: 


N. 
cH, cH, —C= cH 
N. 
Ssi— cH, —cH = C=CH,~> CH; — CH, —C=CH. 


However, the reverse shift from the end to the center cannot be carried out with the silicon compounds, in con- 
trast to acetylenic hydrocarbons, even in the case of y-butynylsilane,owing to decomposition of the latter: 


Ssi— CH, — CH, —C= KOH at CH. 


In the present investigation, we were able to carry out, for the first time, the synthesis of vinyl ethers of the 


type Si —O — CH = CH —R, where R, is alkyl or aryl, only by means of a new reaction, specific to 


the chemistry of organosilicon compounds, in which trialkylsilanes are added to an @-g-unsaturated aldehyde 


or ketone in the presence of H,PtClg. It was shown that the “ation proceeds 1,4, the RgSi adding to the sink ) 


R,SiH 4+.CH, = CH — 2¢° CH, — CH = CH —O — SIR, (2) 
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RASIH-+ CH; = CH — C—CH, + CH, —CH =C—O-—SiRs 


Addition according to Reaction (2) was carried out with acrylic and cinnamic aldehydes, while the addition 
according to Reaction (3) was to methyl vinyl ketone and to methylcyclohexanone. The silicon-containing 
ethers hydrolyze with the same ease as nonsilicon-containing vinyl ethers, They could be analyzed by forming 


oximes from the aldehydes (or ketones) resulting from their hydrolysis, hexaalkylsiloxanes being formed in place 
of alcohols, of course, 


It was also possible to carry out the addition of CatgHSiGl, to acrylaldehyde in the — of this same 


| 
CH, = + Cl. (Cty) Cl.Si — — CH= CH —CHs. a) 


However, the resulting ethylmethylvinyloxydichlorosilane immediately polymerized to a thick liquid of the 
consistency of glycerin. On hydrolysis of this polymer, a solid, infusible polycondensation product was obtained, 
which was insoluble in ether and partially soluble in benzene. During an attempt to carry out Reaction (4) in 
pyridine, the entire contents of the flask was converted into a yellowish white mass, This product, which was 


homogeneous in appearance, was partially soluble in water, The floating, oil layer was rapidly converted into 
an amorphous, white product. 


With the aim of obtaining proof of structure of the silicon- containing vinyl ethers, ie: were subjected to 
hydrolysis in the presence. of traces of sulfuric acid with slight heating, For example, hydrolysis of (C,H,)Si- _ 
—O-CH =CH~— gave propionaldehyde, b, p. 49-50°, which with 2,4-dinitrophenylhydrazine gave a hydra- 


zone with a m. p, of 154-155°, Literature data (5): m.p. 155°, Hydrolysis of (CzHs)s Si —0-< > gave 


< = O 2-methylcyclohexanone, the hydrazone of which had a m, p, of 136-137°, Literature data [5]: 


is 


m. p. 136°, 


It should be noted that the method developed by us for the synthesis of vinyl ethers is also a new method 
for the reduction of a,g-unsaturated aldehydes and ketones to the corresponding saturated compounds, 


EXPERIMENTAL 


6-Methylvinyloxytriethylsilane, Ina liter flask fitted with a stirrer and a reflux condenser, which was 
protected by a calcium chloride tube, was placed 112 g of freshly distilled acrolein and 0.5 ml of a 0.1 N 
solution of chloroplatinic acid in isopropyl alcohol. The first 20 g of (C2H;)sSiH (of a calculated 174 g) was — 
then added with continuous stirring. The temperature of the reaction mixture rose to 35° owing to exothermic — 
heat, On subsequent heating on a water bath at 60°, the temperature inside the flask rose to 110°, as a result. 
of which cooling had to be employed, The remaining (C,H,),SiH was then added dropwise, the rate of addition _ 
being regulated so that the temperature did not exceed 45°, The reaction was completed by heating over the 
- course of an hour to 120-140°, The unreacted acrolein and trialkylsilane were distilled at atmospheric pressure, 
The residue in the flask, 260 g» was distilled at 6 mm, A small amount of (C,H,)sSi- O— Si (C,H), about 
40 g of polymer (residue) and 160 g of g-methylvinyloxytriethylsilane were separated, A series of syntheses 
with other «a,8-unsaturated aldehydes and ketones was carried out; the reactions went under analogous condi- 


tions, but without the evolution of heat, The properties of the resulting alkyi(aryl)vinyloxy- and cyclohexenyloxy~ 
silanes are in Table 1, 
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ISOTOPE EXCHANGE OF HYDROGEN AND THE REACTIVITY OF 
METHYL DERIVATIVES OF NITROGEN-CONTAINING 
HETEROCYCLES IN CONDENSATION REACTIONS. 


T. 1. Abramovich, I. P, Gragerov, and V. V. Perekalin 


(Presented by Academician A, N, Frumkin, March 18, 1958) 


Nitrogen- containing heterocycles with a methyl group located in the a- or 8-position with respect to 
the heteroatom,and their quaternary salts undergo condensation reactions with aldehydes, nitroso compounds, 
_ diazo compounds, nitroolefins [1] etc, These conversions usually proceed in an alkaline medium, On the basis 
of a large amount of qualitative data, the compounds under consideration can be _—— in the following 
series with respect to their activity: 


The opinion is widely held (see, for example, [2]) that the rates of the condensation reactions and, indeed, 
whether or not they occur are determined by the ease with which protons are split from the methyl groups. In 
view of the fact that isotopic hydrogen exchange in an alkaline medium can serve as a direct quantitative 
characterization of the ease of proton removal, it appeared of interest to compare the rate of isotopic hydrogen — 
exchange of these compounds with their tendency toward condensation reactions, Such an investigation is also 


important for clarification of the factors determining the dependence of the mobile hydrogen in a methyl . 
group on structure, 


In the present work, hydrogen exchange was studied between compounds of Series (1) and methyl alcohol-d, 
CHsOD, in the presence of triethylamine. In the experiments with nitrogenous bases, the ratios of reagent, 
alcohol, and catalyst were approximately constant and equal to, respectively, 0.007 :0.03 :0.001 mole, The 
exchange in salts was studied in solutions 15-30 times more dilute, After exchange, isolation of the substances 
was carried out by vacuum distillation, in the case of the bases, and by crystallization from their solutions in 
CH,OD by cooling, in the case of the salts, The refractions and melting points of the isolated substances 
corresponded to the literature values in all cases. The water obtained by combustion of these compqunds was 
subjected to isotope analysis by the flotation method, The experimental data are presented in Fig, 1 in the 
form of graphs of tn (1— z) against the time t (z is the fraction’ exchanged calculated on the basis of three 
exchangeable hydrogen atoms in a methyl group). 


The experimental points lie satisfactorily on the straight lines for a first order reaction, “The average 
values of the rate constant K, presented in Table 1, were found from the slopes of these lines, 


Under the conditions of our experiments, only the hydrogen of methyl groups located in o- or 8 - positions 
with respect to the heteroatom (not counting the hydrogen of the N-H_ bonds) underwent exchange, This con- 
clusion is confirmed by the first order kinetics of the exchange, which indicates equivalence of all exchangeable 

_ atoms, by the observed cessation of the reaction after the exchange of 3H, and by the data of Shatenshtein and 
Zviagintseva (3, 4] on the exchange of a-picoline and of quinaldine with ND, and C,H,OD + C,H;O”, As re- 
gards the hydrogen in methyl! groups joined to the nitrogen in quaternary salts, it is well known that it does not 


yghe 


exchange under conditions much more severe than the conditions of our experiments [5], Consequently, our 


order of exchange rates reflects - differences in the ease of proton removal from methyl! groups, 


1 i 
Fig. 1. Kinetics of exchange by methyl! groups of nitrogen-containing hetero- 
cycles, a: 1) a-picoline, 180°; 2) 2-methylbenzthiazole, 180°; 3) 2- 
methylbenzoxazole, 180°; b: 1) 5-(6) nitro-2-methylbenzimidazole, 130°, 
2) quinaldine, 150°, 3) 2- methylbenzimidazole, 130°, 4) 9-methylacridine, 
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TABLE 1 
Rates of Isotope Exchange of Hydrogen in a Derivatives of Nitrogen-Containing 
Heterocycles 
Substance [850 5 Substance 
: 130 | 3,6 
—CH, 
Cy 
3 
180 | 2,4° 
On | @ma | 
dure 
‘ 150 | 3,8 Oy 18(8 min) | 72 
. 
j 130 2,9 
18 (8 min) 719 
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A auieoain of Scries (1) with the iis of Table 1 shows that the activity in condensation reactions is 
not in conformity with the tendeticy teward proton remeval from the methyl groups, and that, consequently, 
the ionization of hydrogen does not serve, at least in many Cases, as the limiting stage in condensation reactions, 


For an understanding of the dependence of the ease. of isotope exchange on structure, it is important that 
» the nitrogen of the compounds san form; hydrogen bonds with the solvent in alcohol solutions, In such 


"as was shown recently by Shatenshtein and Zviagintseva [3], ionization and exchange are considerably. facilitated, 
since the electrophilic character of the nitrogen in these compounds is increased, which promotes the g, ™~- 


‘conjugation represented in the scheme, It is obvious that the concentration of the complexes (2) is higher, the 
more. basic the heterocycle, ~ 


However, the basicity order arranged-o on the basis of a direct knowledge of PK, values (rte in 
and chemical data: 


doés not agree with the order of ease of exchange. Hence, it pee that conjugation of the type of (2) is not 

*. the sole cause of exchange, Apparently, another cause is conjugation with the aromatic rings in the ion — N= 2 
=C'— CH, , which increases the stability of this ion and, consequently, facilitates ionization, An increase in 
the number of rings and electrophilic substituents must contribute to such conjugation, These assumptions ex- 
plain why 9-methylacridine exchanges more tapidly than quinaldine, and the latter more rapidly than a- 


picoline, Substances with an equal number of rings in the molecule can be —_— in the —- series with 
respect to exchange rate: 


which agrees with Series (3) with the exception of the siccnnelhgtensniniiniiil and the sinthyfbgaanuasale, 


which is readily explained by conjugation with the nitro idan and the inductive effect of the oxygen of the 
oxazole ring. 


The excessive increase in exchange rate going on from the bases to the quaternary salts is very interesting. 
It is explained by the considerable increase in the g, ™-conjugation, similar to (2), which facilitates ionization, 
It is interesting that in this case the proximity of the aromatic ring facilitates ionization of hydrogen and ex- 
change, as is seen on comparing the picoline salt with the salts of quinaldine and 2,3-dimethylbenzimidazole, 


‘In the work of Kursanov, Setkina, and Bykova {5] with [(CH,),N+] CH;SOr, 


~ and other compounds it was shown that the inductive effect of N* or O* does not lead to significant labilization 
of the hydrogen in C—H bonds, We believe that aa certain n forms of conjugation can lead to such labilization: 


a) o,-form, 


as was found in the present work; b) so-called g,d-conjugation, consisting in a transfer of electrons from C—H 
bonds to vacant d-bands which causes rapid exchange in onium salts of phosphorus, sulfur, selenium, arsenic, etc,: 


"and, finally, c) similar conjugation which leads to exchange in carbonium ions [10]: 


le 

In the light of the data of this work, the exchange of hydrogen between concentrated acids and the a- 
positions in molecules of ketones and acids, which was observed by Kursanov and co-workers, should be explained 

R Ou 
not the formation of carbonium site, ‘| HSO% and labilization of their 
CR 

hydrogen under the influence of C*[11], but by the emergence of onium compounds, Sc =0H 


OH 
containing the atomic grouping —© = C—C—H, analogous to the grouping 


—N=C ay —H_ in the ammonium salts studied by us which also contained ead bydeogen. Such a 


route has the advantage thin an oxonium structure of ete salts is considerably more peobable than a carbonium 


| +1 
It might be thought that compounds containing the atomic grouping —X=C—C—H would more or 
less readily exchange their hydrogen for deuterium, especially in an alkaline medium, We propose to confirm 
- this using amidine salts, salts of imido esters, and dimethylglyoxime complexes of metals, and also to deter-" 
mine whether it is possible for condensation reactions involving these substances to occur in alkaline media, 
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USE OF THE POLYCONDENSATION REACTION FOR THE 
PREPARATION OF POLYMERS 


Corresponding Member AN SSSR V. V. 
S. L. Sosin, and M. V. Chistiakova 


While carrying out free radical reactions in which the free radicals were generated by the cieainiian 
of peroxides, many investigators have observed the formation of compounds which were dimers of radicals re- 
sulting from the removal of hydrogen from the solvent [1]. 


Our investigation showed that under specific con- 


0 10000 ditions, the reaction can proceed in a manner such that 
§ @ 8000 the product will be not the dimer formed from the sol- 
3 po vent, but high- molecular-weight compounds [2], The 
3 s 40 46000 =. formation of these compounds occurs as a result of a 
polyrecombination reaction, Subsequently, we obtained 
oe = new experimental data, the mn of which is the 
=e 42000 purpose of this article, 
The basic data were obtained reactions in 


ra pe which the starting material was diisopropyl benzene. 


hydrocarbon Shee Various peroxides served as the source of free radicals, 
major attention being given to tertiary butyl peroxide, 


Fig. 1. Change in the composition of reaction 


products and molecular weight of the soluble 
: polymer with changing ratio of peroxide to tertiary aay peroxide, heated to a temperature of 
hydrocarbon. 1) unchanged hydrocarbon; 1) 170- 200°, below the surface of the hydrocarbon. As a 
low- molecular-weight products; IM) high- result, polymer was formed which, depending on the con- 
molecular-weight ditions under which the reaction was carried out, con- 
ta IV) wal ght tained a greater or lesser amount of insoluble three-di- 
ef benzene-soluble patpaset, "mensional polymer, The soluble portion was separated 


by extraction with benzene and was dried with methanol, 
The resulting polymer was a white powder with a melting point of 210- 230°, 


X-ray investigation of this polymer showed that it was practically amorphous, since the degree of cry- 
did not exceed 10%, The insoluble polymer ata above 300°, and, 
to x-ray data, its cryscallinity reached 60%, 


We investigated the dependence of yield and molecular weight of the es formed on the amount of — 
tertiary buty! peroxide, The results obtained are shown in Fig, 1; as seen from this figure, an increase in the 
molecular weight of the resulting polymer was observed as the amount of peroxide was increased, At a mole 
ratio of tertiary butyl peroxide to hydrocarbon of 1, practically all of the original hydrocarbon was converted 
into various reaction products, However, at this ratio, the amount of high- molecular-weight products was still 
small, and ic continued to increase with an increase in the amount of peroxide until it reached 100% ata 
peroxide~to~ hydrocarbon ratio of 3, Along with this, the amount of low- molecular-weight reaction products, — 
comprising chiefly dimer and trimer, reached a maximum at a peroxide-to-hydrocarbon ratio of 1 and then 
decteased to zero at a ratio of 3, Thus, only the first mole of peroxide reacts with the original hydrocarbon, 
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The second and third moles react not with the original hydrocarbon, but with the products of the transformation, 
which,as we have already indicated, consists of a mixture of dimer and trimer, 


The reaction which occurs with the formation of these polymers can be broken down into ae following 
stages: 


’ The first stage is the decompositién of the peroxide with the formation of free patinaies 


(CHs)gCOOC (CHy)3 2 (ct Cis +- (CHs)s co. 


Roth contens butoiry and methyl radicals are usually formed in a ratio depending on the temperature and pro- 
petties of the solvent [3]. 


In an investigation of the kinetics of the soniiaiiniai of tertiary butyl peroxide in the liquid phase, 
Raley, Rust, and Vaughan [4] found that this decomposition is a monomolecular reaction, and were led to the 
conclusion that with an increase in temperature the stability of the butoxy radical decreases, and the reaction 
becomes more markedly one in which the butoxy radical decomposes with the formation of a methyl radical, 


On the basis of the amount of tertiary butyl peroxide which we recovered, it can be concluded that about 
half of the peroxide taken decomposed with the formation of butoxy radicals. The free radical formed as a 


result of the decomposition of the peroxide acts on the p- diisopropylbenzene, extracting from it a tertiary hydro- 
gen atom from an isopropyl group: | 


The ‘resulting diisopropyl radical reacts with a similar radical forming the dimer according to the equation: 


CHs CHs Hg ‘CH  CHs CHs 


This dimer, in turn, can be subjected to the action of free radicals, and thus the growth of the polymer 
_ chain proceeds by stages leading to the formation ofa polymer having the general formula: 


» CH, 


Thus the polymer is formed as a result of numerous repeated acts of recombination of radicals arising 
from the solvent molecules, Therefore, we call this reaction a polyrecombination reaction, ° 


As a method of synthesis of high- molecular-weight compounds, the polyrecombination reaction differs 
in principle from polymerization in that the primary products are saturated compounds, and, although the 
reaction proceeds by a radical mechanism, it has a stepwise, not a chain nature, The polyrecombination 
reaction has some characteristics which relate it to polycondensation reactions, among which are: the stepwise 
character of the increase in molecular weight and the presence of low- molecular-weight products — tertiary 
butyl alcohol and methane; however, in contrast to polycondensation es it is an irreversible process, the 
reverse reaction of destruction of polymer chains [5] is Not present, 


The formation of insoluble, three- dimensional polymers apparently proceeds as a result of the inter- 


action of radicals arising from the decomposition of the peroxide with hydrogen atoms of the methyl groups 
of the polymer, 


: | { R- | d 


CHs Cll CH3CHs 
CHs CH CHs a 


As the reaction proceeds, the amount of tertiary hydrogen atoms continually decreases, ‘and, therefore, 
_ interaction with methyl groups, which leads to branching of the polymer chain, becomes more probable. This 
I is accompanied by the formation of an increasing amount 


oH - Of insoluble polymer, as may be seen from Fig, 2. 


ginal 


__., We observed that with the use of benzoy! peroxide, 
even in larger amounts, no insoluble products were formed, 
x This, obviously, can be connected with the bénzoate radi- 
cal which, being less active, does not react with hydrogen 
atoms of the methyl group, 


Yield in % of ori, 
hydsooarbon 


B: , We made use of this observation to decrease the 
a - aerate r amount of insoluble products; benzoic acid was added to the 
mote ratio of peroxide to p-diisopropylbenzene, and only subsequently was.the ter- 
hydrocarbon tiary butyl peroxide added, It was found that with the 
Fig. 2. Yield of benzene- soluble and in- addition of 0.5 mole of benzoic acid per mole of hydro- 


carbon, only soluble, linear polymer was formed, though 
with a lower molecular weight. The relationship between 
the linear and three- dimensional polymers obtained in the 
presence of benzoic acid and without it is shown in Fig. 2, 
from which it is seen that the presence of benzoic acid 

_ practically eliminated the formation of insoluble, three- 
dimensional products, Obviously, the benzoic acid is a 

modifier for the process and serves as a source of benzoate 
radicals, which leads to the formation of linear  polymess only. The formation of benzoate radicals can be re- 
presented by the following equation: 


soluble polymers obtained in the presence 

of benzoic acid and without it, D In- 
soluble polymer, without benzoic acid; 

Il) soluble polymer, without benzoic acid; 
Ill) soluble polymer, benzoic acid present; 
IV) insoluble polymer, benzoic acid present, 


++ (CHs)s3CO--+ ++ (CHs)3COH. 


Some confirmation of such a mechanism is provided by the fact that when methyl benzoate is substituted 
_ for benzoic acid, insoluble polymer is again formed, 


TABLE 1 

Initial compound Molecular wt, of | M, Pe of polymer, 
polymer Cc 

Diphenyl 1500 136-166 

p- Xylene 1600 108-130 

Diisopropyl ketone 800 130-172 

Diisopropylferrocene . 8200 155-180 


_ p-Dichlorobenzene 4500 230-280 


We also carried out the preparation of polymers by means of the pelpeoosaepaiion reaction starting with 
other substances, The results are ah ace in Tablel, 
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These results show that the polyrecombination reaction can te used with a wide range of —s' materials 
as a method of synthesis of high- molecular- weight compounds, _ 
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A NEW METHOD OF SYNTHESIS OF CYCLOBUTANE HYDROCARBONS 


R. la. Levina, Iu. S. Shabarov, M. G. Kuz*min, 
N. I. Vasil'ev, and E, G. Treshchova 


(Presented by Academician A, N, Nesmeianov, February 27, 1958) 


We recently made a brief preliminary report on the possibility of synthesizing hydrocarbons of the cyclo- 
butane series by means of a new reaction— by the decomposition of tetrahydropyridazines, __ 


In the present work, we studied several examples of this reaction. 


The initial tetrahydropyridazines (II) were readily obtained from the products {1) of the addition of diene 
hydrocarbons to the diethyl ester of azodicarboxylic acid by hydrolysis of these addition products, which pro- 
ceeded with simultaneous decarboxylation and shifting of the double bond to the nitrogen [2): 


. 


N—COOC,H, 
(a+c), p-CH,c,H, (pi R=H (a+b) CsHs(c) 
We were able to establish that tetrahydropyridazines, which are six- membered analogs of the pyrazolines, 


are decomposed by heating in the presence of potassium hydroxide and platinum with the evolution of nitrogen ) 
and the formation of cyclobutane ieee (in a manner similar to that by which pyrazolines form cyclo- 


propanes in the Kishner reaction): 
Ac Ar A 
KOH, 


It was shown that the intermediately formed biradical III not only ws ving hit also breaks down with the forma-. 


tion of ethylenic hydrocarbons: 


+ CH,=CH—R 


Analyses of the gases liberated during the decomposition of the initial monoaryltetrahydropyridazines (Ila 
and IIb) showed that the ratio of the amounts formed of arylcyclobutane and the corresponding styrene can be 
estimated from the ratio of the amounts of nitrogen and ethylene, 
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Thus, we are the first to extend the application of the classical Kishner reaction, which, up to the present, 
~ has been considered suitable only for the synthesis of cyclopropane hydrocarbons, 


Phenylcyclobutane and two previously undescribed cyclobutanes, p-tolylcyclobutane and 1,2-dipheny]- 
- eyclobutanc, were synthesized by our reaction, 


in one of our previous papers [3], it was shown that the intensities of the characteristic frequencies in the 
Raman spectrum of phenylcyclobutane are strong, approaching the intensities of these same frequencies for pro- 
penylbenzene (a hydrocarbon with a conjugated system of double bonds); this fact indicated the presence of 
conjugation between the benzene ring and the three- membered ring. 


TABLE 


Propeny|- Phenylcyclo- | Phenylcyclo- Isopropyl- p-Tolyl- | p-Methyl- 
[3] propane [3] | butane benzene [4] 
1208 (1065) 1220 (859) 4203 (600) 4212 (234) | 1200 (1200)| 1204 (560) 
1304 (833) 1368 (600) 1300 (360) 1306 (90) | 1368 (430) | 1379 (220) 
} 1600 (3256) 1607 (920) 1604 (690) 1606 (494) | 1610 (1100)| 1617 (585) 


* The spectra were taken with an optical slit width of approximately 30 cm™*, In the 
table, the integrated intensities calculated per mole of substance are given in gesenthoies. 


A comparison of the intensities of some of the most intense frequencies (characteristic of the benzene 
ting) present in the Raman spectra of phenylcyclobutane with the intensities of the corresponding frequencies 
in the spectra of propenylbenzene and phenylcyclopropane, on the one hand, and with those of alkylbenzenes, 
on the other, showed that the monosubstituted aromatic hydrocarbons can be arranged in the following order: 
propenylbenzene > phenylcyclopropane > phenylcyclobutane > isopropylbenzene (see Table 1). The same 


frequencies in the spectrum of p-tolylcyclobutane have considerably higher intensities than in the spectrum of 
p- methylethylbenzene, 


The increase in the intensities of the characteristic frequencies of the Raman spectra of phenylcyclobutane 
and p-tolylcyclobutane,as compared to these same frequencies for alkylbenzenes, indicates the presence of con- 


jugation (though less clearly expressed than in mex case of phenylcyclopropane) between the benzene ring and 
the four- membered ring. 


EXPERIMENTAL 


Preparation of the products of the addition of the diethyl ester of azodicarboxylic acid to 1- phenylbutadiene 
(5) (b. p. 75-77°/7 mm; ap 1.6088) and with 1-p-tolylbutadiene (prepared by aoneneyoeen of butadiene [6]; 
b. p. 95-97°/10 mm; n™p 1.5945, m. p. 26°; literature data (6): b. p, 90-91°/9 mm, n™ p 1.5970) was carried 
out by mixing solutions of equimolar arnounts of the reagents in benzene while cooling (5-10° in the reaction © 
mixture), The benzene was distilled, and the addition product was obtained by vacuum distillation, 


3-Phenyl-1, 2-dicarbethoxy-1,' 2,3 ,6-tetrahydropyridazine (90% yield): b. p. 169-171°/3. 5 mm, m. p. 47 ( 
(from aqueous methyl alcohol), Literature data (1): b. p. 199-200°/7.5 mm, m, p. 47. 


3-p- Tolyl-1,2- dicarbethoxy-1, 2,3 ,6- tetrahydropyridazine (90% yield; not described in the literature): 


b, p. 175-176°/2,5 mm, p 1.5195; 4 1.1266; MRp 85. calculated for : MRp 84.91; * 
€ MRp 0.94. 


Found%: N 9.06, 8.86. Cy7H22N20,. Calculated%: N 8.80. 


_ The addition product of the diethyl ester of azodicarboxylic acid with 14 aheny1, 3 butadiene [8] 
(m. p. 152-153,5°) was prepared by heating equimolar amounts of the reagents (on a water bath) for two hours, 


‘The resulting (91% melted at 132 (from 
ethyl acetate), Literature data[2]: p. 132°, 


*® The atomic refraction of nitrogen was taken as 2.48 [7]. 
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‘Hydrolysis of the addition products of arylbutadienes with the diethy! ester of azodicarboxylic acid was 


' @attied out by refluxing for two hours on a water bath a solution of 0.25 mole of the addition product in 75 ml 


of ethyl alcohol with a solution of 70 g (1.25 mole) of geteciom hydroxide in 300 ml of ethyl alcohol, 


3-Pheny]-1,4,5,6-tetrahydropyridazine, At the conclusion of the reaction, the precipitated potassium 
carbonate was suction filtered and washed with ether. The solvent was distilled from the filtrate under vacuum, 
and the 3-phenyl-1,4,5,6-tetrahydropyridaziné was separated by vacuum distillation, The yield was 79%, 
B. p. 179-181°/20 mm, m. p. 108° (from methyl alcohol), Literature data[1]: b. p, 160°/8 mm, m. p. 108°. 


In order to isolate the 3-p- tolyl-1,4,5,6- tetrahydropyridazine and the 3,6- diphenyl-1,4,5,6- tetrahydro- 


pyridazine, the reaction mixture was poured into 600 ml of water, and concentrated hydrochloric acid was added 


to a neutral reaction. The precipitate was separated, washed several times with water, and purified by recry- 
stallization, 


3-p- Tolyl-1,4,5,6-tetrahydropyridazine (79% yield; not described in the literature): m. p. 49- 52’ (from 
petroleum ether); it oxidized slightly and deliquesced on brief standing. 


3,6- Diphenyl-1,4,5,6-tetrahydropyridazine (82,5.% yield): m, p. 159-160° (from ethyl acetate), 
Literature data [2]: m. p. 157- 158°, 5 


The decomposition of the tetrahydropyridazines was carried out by heating in a Wurtz flask a mixture 
of 0.1 mole of the tetrahydropyridazine with 0,2-0.3 g of potassium hydroxide and 0.05 g of platinum catalyst, 
A vigorous reaction began at about 250°, and partial distillation of the products occurred, In order to complete 
the reaction and the distillation of the resulting hydrocarbons, the temperature of the reaction mixture was 
taised to 250-300°, The distillate was washed with hydrochloric acid (1:1), a 2 N solution of soda, then with 
- water, was dried with calcium chloride, and distilled in a columa (except the diphenylcyclobutane) of 30 
theoretical plates, 


Phenylcyclobutane (from  phenyltetrahy dropyridazine). The yield was 35%; b. p, 105.6°/41. 5 mm, 
190°/750 mm; p 1.5269; 0 MRp 43.32; calculated for 43.04, Literature 
data [9]: b. p. 190-191°G755 mm; 1.5277, 0.9378. 


The second product of the reaction was styrene (43% yield): b. ? 63-64°/41.5 mm, n™p 1 5463; 
0.9075. Literature data [10]: b. p. 54°/30 mm; 1 5450; d™, 0.9065. The gas evolved during the 
reaction coneheind of nitrogen(65%) and ethylene (35%); the ethylene was identified as its dibromide (b, p. 
130-131", n™p 1.5370). 


(from p-tolyltetrahydropyridazine), The yield was 42.5%, b, p. 93.5-93. T/11 mm, 
1.5230; 0.9275; MRp 48.16; calculated for MRp 47.68. 


Found %: C 90,29, 90.42; H 9.71, 9.71. CyHy. Calculated: C 90.35; H 9.65. 


Along with the p-tolylcyclobutane, p- methylstyrene (25.6% yield) was also formed during the decomposi- 


tion of 3-p-tolyl-1,4,5 .6-tetrahydropyridazine: b. p. 14.5°/29 mm, n™p 1.5397, Literature data [11]: b. p. 
51°/10 mm, np 1.5395. 


The gas evolved during the reaction consisted of nitrogen (73%) and ethylene (27%), 


1,2-Diphenylcyclobutane (apparently a mixture of me: cis- and trans- isomers; from diphenyltetrahydro- 
pytidazine), The yield was 7.2%, b. p. 154-155° mm; n™ pl. 5822; 1.0305; MRp 67.47; calculated 
for MRp 67.15. 


“Found %: C 92.40, 92.33; H 17.63, 7.67. CygHyg. Calculated: C 92.27; H 7.73. 


The second product of the reaction, styrene, was obtained in a yield of 15%; b, Pp. 54-55°/30 mm, 
n™ D 1.5446. 


The Raman spectra (not described in the literature) of all of the aryleyelengainny were taken with an 
ISP-51 three-prism spectrograph, The intensities of the lines in the spectra of phenylcyclobutane and p-tolyl- 
cyclobutane were measured photometrically and referred to a cyclohexane scale in which the integrated intensity 
of the 802 cm” line was taken as 500 units/mole, The intensities of the lines in the spectrum of 1,2-diphenyl- 


cyclobutane were evaluated visually in terms of an arbitrary scale in which the intensity of the 1603 cm”! line 
was arbitrarily taken as 10 units, 
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Phenylcyclobutane: 257 (30), 316 (60; b), 354 (78, b), 406 (0), 55 (15), 620 (153), 645 (50), 735 (145), 
169 (0), 792 (0), 809 (0), 842 (45), 877 (120), 907 (287; db), 950 (185, db), 996 (80), 1003 (960), 1036 (380) 
1104 (120; b), 1154 (294), 1180 (334), 1203 (600; db), 1242(30), 1300 (360; b), 1323 ve 1354 (75), 

1380 (20), 1443 (245), 1465 (20), 1545 (60), 1582 €65), 1604 (690). 


p-Tolylcyclobutane: 218 (30/f), 257 (100; dif.), 322 (212; b), 370 (70; b), 420 (0), 547 (40), 590 (65; b), 
621 (0), 645 (295), 718 (30/f), 738 (45), 792 (875), 809 (30), 875 (260), 908 (480; b), 949 (40), 996 (300), 1022(0), 
~ 1085 (45), 1122 (45), 1151 (50), 1183 (440), 1200 (1200 db/f), 1219 (0), 1245 (45), 1270 oe, 1305 (60), 
1342 (438, b), 1368 (430), 1443 (515), 1465 (50), 1566 (30;dif.), 1610 (1100), 


1,2-Diphenylcyclobutane: 242 (1; b), 340 (0,5), 406 (0,5), 556 (0.5), 620 (3), 695 (0.5), 735 (1.5), 
169 (0.8), 845 (0.5), 907 (1.5; db), 950 (1.5; db), 978 (1), 1002 (15), 1036 (4), 1085 (0.5), 1156 (2), 1183 (1), 
1204 (5; b), 1296 (1; b), 1359 (1,5), 1443 (1.5), 1545 (1), 1571 (1), 1603 (10), 


The intense lines at 620, 1003, 1036, 1203, and 1604 cin™! in the spectra of phenylcyclobutane and 
1,2-diphenylcyclobutane are characteristic of monosubstituted aromatics [4]; the 907-950 cm”? lines are 
characteristic of a monosubstituted four- membered ring [12]. The most intense lines, characteristic of a 2 
substituted benzene [4], in the spectium of p-tolylcyclobutane were: 645, 792, 996, 1204, and 1610 cm 

the cyclobutane ring was characterized by lines in the spectrum at 908, 925, and 949 cm 4 
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FLUORINE-CONTAINING ORGANOSILICON COMPOUNDS, 
FLUORINE-CONTAINING ORGANOSILICON ETHERS 


Corresponding Member AN SSSR A, D, Petrov, 
Vv. A. Ponomarenko, and G, V. Odabashian 


In preceding articles [1-3], we reported on the preparation of a number of fluorine- containing organo- 
silicon compounds by the addition of silicon hydrides to fluoroolefins in the presence of platinized carbon, and 
“on certain peculiarities of the reaction itself, In the present work, we transferred the study of the reaction of 
_ silicon hydrides with unsaturated compounds to ethers of ally] alcohol with 1,1,2-trifluoro- 2-chloroethanol 
and with 1,1,2,2-tetrafluoroethanol, 


= CHCH-OCF,CFCIH (I) and: CH = = CHCH,OCF,CF.H 


, The aim of the present work was not only the aes and study of the propeities of previously un- 
described fluorinated organosilicon ethers we were also interested in the effect of the structures of the silicon 
hydrides and experimental conditions on the course of the addition reaction; for example, such substances as 


CIsSiH, C,H;SiCl.H, CH;SiCl,H, (C2Hs) (CHs) SICIH and (CzHs)s (CHs) 


i,e., compounds containing along with a Si- H bond a gradually decreasing number of chlorine atoms s attached 
to the Si. The experiments were carried out under comparable conditions (heating for 3 hours at 170-180° in 
the presence of 0.3 g of 1% Pt oncarbonina200 ml stainless steel autoclave), The results of the experiments 
and the reaction conditions are presented in Tables 1 and 2, 


TABLE 1 


Original Amt, g (moles) E |: Yield 
silicon o | 
hydride On| I jz jes Reaction product g|% 
= 
| | 179) 3] 10] [115 | 76 
0,3] 198] 3} 12] [121 | 76 
82.5 | 0.3] 3] 5 | | 59 | 61 
| 3] 15 | 43 | 50 
: 
| | weal 11 | 49 | 87 
(0,2) 


gave an 18% yield of an addition product with (I) (b, p,124-125°/12 mm), 
(C2H;),SiH added to (I) poorly under these conditions, 
e** With ether (I), 
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As seen from Table 1, the following silicon hydrides gave the highest yields of addition products: 


CHSSICLU, (Cots) (CHs) and 


The increase in activity in this series of silicon hydrides is in agreement with our earlier observations [2] and 
_also with the conclusions of Speier and co-workers (4] relative to the difference in the rates of addition of 
_ C1sSiH and CH,SiC1,H when chloroplatinic acid is used as the catalyst, The addition of CH,SiC1,H and of 
C,HgSiC1,H to (1) and also to other unsaturated compounds, in contrast to the remaining silicon hydrides, is 
accompanied by a sharp temperature rise. As the data of Table 2 indicate, the picture changed in experiments 


on the joint addition of a selected pair of silicon hydrides to (I, A wrt i of the data of Tables 1 and 2 
brings out the following: 


TABLE 2 


a. 
Original silicon eos 3S 
= a. a 
C:H.SiC1,0 ‘| 13,0 | — 
Ci,siH* CIStH 13.4 
C&SicH.CH.CH.OC 38,7 | 42 
C:H,SiCI,H 24.5 27 
C.H,SiCI.H | {22.0} 
189 | 15 | 19.5 | 2 
(CH,)SICU: ~CH,CH,OCF.CFCIH 33.9 47 
Si 
159 | 9,5 | (C.H)ACH)SIH 
18.8 


* 0.3 mole of each silicon hydride and 0.3 mole of (1) were used in the reaction. The 
amount of catalyst (1% Pt/C) was 0.3 g, The reaction time was 3 hours, 

** 0.25 mole of each silicon hydride and 0.25 mole of (I) were used in the reaction, 
The amount of catalyst and the reaction time were the same. 


1, Our previous conclusion as to the high activity of silicon hydrides of the type of wae and _ 
is confirmed, 


2. Trichlorosilane adds to (1) somewhat more difficultly and (C3Hs) (CHs)SiC1H, How- 
ever, the addition of C1,SiH to (1) proceeds actively in the presence of C,H;SiC1,H. 


3, The addition of (C,H;),CH,SiH to (D jointly with CoH,SiClyH or C1,SiH ee: with higher yields 
than in the absence of these chlorosilanes, 


4, The data of Table 2 indicate that the alkylchlorosilanes studied can obviously be arranged in the . 
following series with respect to activity in the addition reaction: RsSiH > R,SiCIH > RSiC1,H = C1,SiH, How- 
ever, that the increase in the yield of the product of the additionof (C,H;),(CHg)SiH to (1) in the presence of 
C1,;SiH or C,HsSiCl,H, as in the case of trichlorosilane, is connected with “activation” of the reaction at the 
expense of the readily proceeding addition of C,H,Cl,H or C1,SiH to (1), cannot be excluded, 


The majority of the fluorine-containing organosilicon ethers prepared, especially those containing a 


chlorosilyl group, are rather stable toward heating. The mnete ether group of these compounds is not affected 
during Grignard reactions and hydrolysis. 


EXPERIMENTAL 


1,1,2-Trifluoro- 2-chloroethy! ether of allyl alcohol CH, =CHCH,OCFCFCIH (I), This was prepared 
by a modification of the method described in [5], In contrast to [5], we used a somewhat greater amount of 
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KOH and the reaction mixture was stitred. The CF, =CFCI was passed through a porous glass disc sealed at the 

bottom of the flask, which was fitted with a thermometer, a stirrer, and a reflux condenser, With this method, 

we were able to increase the yield of (D from 45 to 89%, 400 g (6.89 moles) of allyl alcohol was used, and 

the reaction mixture was stirred in the presence of 70 g of KOH for 6 hours at a temperature not exceeding 25°; 

‘the product was washed with water, dried with Na SQ,, and distilled in a column with glass packing; this gave 
1072 g (89%) of pure (1), m. p. 110°/755 mm, Literature data (5) 109.2°/750 mm, 


1,1,2,2-Tetrafluorocthy! ether of allyl alcohol CH, = SUCROSE CE (Il). This was prepared from allyl 
alcohol and tetrafluoroethylene under pressure;, b. p, 74°/739 mm, 4 1.2043; 1.3273, MR found 26.58; 
MR calculated 26.70, The yield based on ally! alcohol was 80%, 


1,1,2-Trifluoro- 2-chloroethy] ether of y-hydroxy propylmethy ldichlorosilane (CH,) 
-OCF,CFCIH (111), 60 g (0.52 mole) of methyldichlorosilane and 92 g (0,53 mole) of (I) were heated for 3 hours 
at 170° in the presence of 0.3 g of 1% Pt on carbon, The maximum pressure was 10 atm. The weight of the 
teaction geoticre » was 147 g. Distitiation in a column with glass packing gave 115 g (76%) of pure (ID), b. p. 
me /785 mm, d™, 1.3395, n™p 1.4160. MR found 54. 26; MR calculated 54.76, 


Found%: C 25.33, 25.37; H 3.62, 3.61; Cl 36.49; F 19,68, 19.70, CottySiC}F0. Calculated %: 
CC 24,89; H 3.48; Cl 36.72; F 19.68. 


1,1,2-Trifluoro- 2-chloroethy1 ether of (Cott) oF 
CF,CIH_ (iv), The experimental conditions are shown in Table 1. The weight of = mixture ~ raw reaction 
products was 152g. The (IV) had the following constants: b. p, 231. —" mm, 4”, 1.3155, n™p 1.4249. 
MR found 59.01; MR calculated 59.25. 


Found: C 27,93, 27.92; H 4.10, 4.04; Cl 33.50; F 18,01, 18.27. CyHy,SiC1,F,0. Calculated ‘b: 
C 27.69; H 3.99; Cl 35,00; F 18.77. 


1,1,2Trifluoro- 2- chloroethy1 ether of -hydroxypropyltrichlorosilane (V). 
See Table 1 for the conditions of the experiment, The weight of the mixture of raw reaction products was 71 g. 
Distillation in a column with glass packing gave (V) with the following properties: b. p. 213°/753 mm, 
1.4563, n™p 1.4230. MR found 54.21; MR calculated 54.39. 


Found%: 19, 92, 20.12; H 2.39, 2,48; 46.91, 46.97: F 17.42, 17.13, 
Calculated %: C 19,36; H 2,28; Cl 45.78; F 18.36. 


1,1,2-Trifluoro- 2-chloroethyl ether of y -hydroxypropylpropyldichlorosilane (C,H,) (Cl,SiCH,CH,CH,- 
OCF,CFCIH (VI), The experimental conditions are given in Table 1, The reaction products were distilled 
a column then under vacuum, The ether (VD, 59 g, had the following constants: p. 115.5 */8 mm, 
d” 4 1.2763, a p 1.4270. MR found 63.91; MR calculated 64.02. 


1,1,2-Trifluoro- 2-chloroethyl ether of - hydroxy (CH;) (CH) (Cl) Si- 
CH,CH,CH,OCF,CFCIH (VII), Under reaction conditions similar to those described above (see Table 1), 79 8 


of reaction products was obtained: distillation in a column gave (VII) with the following constants: b, p. 
223°/746 mm, 1.1918, n™ Dp 1.4175. MR found 59.82; MR calculated 59,76. 


1,1,2-Trifluoro- 2-chloroethyl ether of -hydroxypropyImethyldiethylsilane (CH,) iCH,CH,CH,- 
OCF,CFCIH (VIII), Distillation of 45.5 g of reaction products, which were obtained under conditions analogous ~ 
° those described above (see Table 1), gave (VIII) with the following constants: b, P. 94°77 mm, d™% 1, 0776, 
n® p 1.4149. MR found 64.31; MR calculated 64.52, 


Found%; C 43,37, 43.55; H 7.22, 7.49; Cl 13, 10, 13, 52; F 22.12, 21.81. Citic. 
Calculated %: C 43,38; H 7.29; Cl 12.81; F 20.59. 


Original (CH,) (C,H,),SiH and (I) were isolated in amounts of 10 g and 14g, 


1,1,2,2-Tetrafluorocthy] ether of -hydroxypropylethyldichlorosilane 
GX), The experimental conditions are presented in Table 1. From 80 ao reaction products, after distillation 


‘under vacuum, was obtained (IX): b. p. 207 2/749 1 mm, d”, 4 1.2837, n° p 1.4033, MR found 54 .63; MR 
calculated 54.46. 
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Found%: C 28,57, 28.51; H 4.22, 4.98; Cl 26.11, 25.95; F 26.99, 26.64. CyH,:S1C1,,0. 
Calculated %: C 29.27; H 4,21;.Cl 24,70; F 26.47, 


1,1,2-Trifluoro- 2-chloroethyl ether of y -hydroxypropyltrimethylsilane 
- This was obtained from 30 g of (IV) and CHgMgBr prepared from 6.1 g of Mg and CHgBr in 200 mi of absolute 
ether, After decomposition with water, the was over NagCOg and distilled; 17 g (66% of theoretical) 
of (X) was obtained: b, p. 182/742 mm, d™ 4 1.0866, n” 'D 1.3985. MR found 55.32; MR calculated 55,50. 


Found %: C 39.25, 39.14; H 6.63, 6.58; Cl 14:90, 14.84; F 21.83, 21.99, CgHy,SiCIF,0. 
Calculated %: C 38.63; H 6,48; Cl 14.25; F 22.92, 


1,1,2-Trifluoro- 2-chloroethy1 ether of (CH,)» 
OCF,CFCIH (XI), This was obtained in an amount of 23,1 g (64%) under the conditions of the preceding | 
experiment from 42 g of (V) and CH,;MgBr peegennt.* from 12 g of Mg and CHsBr in 300 ml of ether. The (XI) 
had the following constants: b, p. mm, 1.0771, n® p 1.4073, MR found 60.09; MR calculated 
60.01. 


Found%: C 41.40, 41.63; H 7.01, 7.07; Cl 14,09, 14.13; F 22,29, 22,09. CgHygSiClF 0, 
Calculated %: C 41.14; H 6.90; Cl 13.49; F 21.69, 


. The results of the experiments on the joint addition of silicon pieces to (I) are presented in Table 2, 


LITERATURE CITED 


(1) v. A, Ponomarenko, B, A, Sokolov, and A, D, Petrov, Bull, Acad. Sci, USSR, Div. Chem. Sci. 
(1956), 628.* 


(2) A. D, Petrov, V. A. Ponomarenko, B, A. Sokolov, and G. V. Odabashian, Bull, Acad. Sci, USSR, 
Diy. Chem. Sci. (1957), 1206.* 


{3]. V. A. Ponomarenko, V. G, Cherkaev, A. D, Petrov, and N, A. Zadorozhnyi, Bull, Acad, Sci, USSR, 
Div. Chem. Sci. (1958), 247.* : 


[4] J. L. Speier, J. A; Webster, and G, H, Barnes, J. Am, Chem, Soc, - 79, 974 (1957). 
(5) J. T. Barr, K, E, Rapp, et al., J. Am, Chem, Soc, 72, 4480 (1950). 


N, D, Zelinskii Institute of Organic ny 
Academy of Sciences USSR 


Received January 29, 1958 


Original Russian pagination, See Cc. Translation, 


‘ 


SYNTHESIS OF THE METHYL ETHERS OF ISOMERIC CHONDROFOLINES, 
CHONDODENDRINES, AND TUBOCURARINES 


V. G. Voronin, O, N, Tolkachev, and N. A. Preobrazhenskii 


(Presented by Academician A, N, Nesmeianov, March 7, 1958) 


Considering the D-tubocurarine Ww molecule [1], it can be seen that it has two asymmetric centers, which, 
according to classical structure theory, presumes the existence of two racemic forms and four optically active 


isomers, 


Taking into consideration the basic aspects of conformation analysis, it is possible to write four racemic 
formulas for the tertiary base, chondodendrine (Ila, b, c, and d; R= H, R’ =CHy), and its quaternary = tubo- 
curarine (Illa, b, c, and d; R=H) only as a consequence of isomerism at Cy and C,™, 


The formulas presented for the basic alkaloids of tube curare do not imply isomerism, which is dependent 
on the cis- and trans- positions of the substituents at the nitrogen of the tertiary bases and also on the conforma- 
tions of the tetrahydroisoquinoline ring. 


There is no information in the literature relative to the configurations of the vetrahydroipoguinolines. 
However, in conformity with recent work on tetralin and its derivatives, it can be assumed that tetrahydroiso- 
quinoline rings can, in certain cases, exist in different forms: the chair form (IV a, b, c, and d) and the boat 
form (Va, b, c, and d), which are distorted as a consequence of the presence of the aromatic ring in the con- 
densed system of the tetrahydroisoquinoline ring, These forms of isomerism apparently should occur also for the 
curare alkaloids, and ny increase the number of possible isomers, _ 


b vo c 

By 
b c 


Moreover, in view of the nonplanarity in the structure of the macrocyclic diether system, which can be 
disposed in space in more than one way, the number of possible isomers is increased still furthér. 


We have developed a scheme for the synthesis of chondrofoline, chondodendrine, tubocurarine, oud their 
ethers which is distinguished by the appearance of the centers of asymmetry in the later stages of the synthesis; 
these later stages are carried out under mild conditions which do not lead to different types of isomerization, 
inversion, etc, By selecting appropriate conditions, we were able to carry out reactions with the formation of 
various isomers, and thereby to accomplish the synthesis of two isomeric O-methylchondrofolines (II, a-b, c-d; 
R=CHs; R' =H), two isomeric O,O'-dimethylchondodendrines (I, a-b, c-d; R= R" =CHy, and four isomeric 
O,O0'-dimethyltubocurarine iodides (ila, b, c, and d; R=CHs; X =D, 
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Fig. 1, Ultraviolet spectra of the 
dimethyl] ethers of tubocurarine 
iodide, 1-4) Number of the salt 
(corresponding to the numbers in 
* the text); 5) natural ether, 


The syntheses were carried out as follows: 


Previously prepared 1-(4'-hydroxybenzyl)-6- methoxy- 7-[2"- methoxy-5°-(6", 7"=dimethoxy-8"-bromo- 
37, 4"- phenoxy}-3,4-dihydroisoquinoline [1] (VI) was subjected to Ullmann 


the synthesis of chondrofoline and tubocurarine, 


condensation in the presence of copper, potassium carbonate, and 
pytidine, and the product, without isolation, was reduced with zinc 
and dilute acetic acid, From the products of this reaction, the hydro- 
chlorides of two isomeric forms of O-methylchondrofoline (I, R = 


=CHsy, R' =H) were separated: A, ™. Pe 120-125° and B, m, p. 
181-185", 


It should be noted that this reaction proceeds with high yield 
when substances with exposed phenolic hydroxyls are used, i.e., in 


The bases I (R=CH;, R'=H), A and B, were converted by 
the action of methyliodide into the hydriodides of the corresponding . 
isomeric O,O-dimethylchondodendrines (II) (R=R'=CHy); A, 
m, p. 15%163° (from ethyl alcohol) and B, m, p, 173-176,5° 
(from ethyl alcohol), 3 ae 


From the latter, the iodides of four quaternary ammonium > 
bases I () =CHsg, a, b, c, and d) were prepared, 


Salts were prepared from base haat =H), A (see 
Fig. 1). 
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1, M. p. 198-201° (from water). Xmax (alcohol) 230, 280 my si € 4.57525 3.9409); Amin 
265 mp (log 3.7795). 


: Found %: C 49.6, 49.97; H 5.11, 4.95; N 271, 272. CygHygONala*3H,0, Calculated %: 
50,0; H 5,59; N 2,92, 


2M, p, 137-139° (from an ethyl alcohol— ether mixture). max latcohod 225, 280 mp (log ¢ 
4.5996, 4.2748); Xmin 265 mp (log € 4.1763 


Fopnd %: C 50.22, 50.10; H 5,33, 5.38; N 2,81. CaaHayOeNoly 31,0, Calculated %: C 50.0; 
+H 5.59; N 2,92, 


The following salts wete prepared from base I (R= CHs, R' =H), B: 


3. M, p, 257.5-259° (from ethyl alcohol). Amax (alcohol) 225, 280 mp (log € 4.5090, 4.0426); 
Amin 260 mp (log € 3.8353), 


Found%: C 49.5, 49.85; H 5.41, 5.1; 3,07, 2,90. 31,0, Calculated %: C 50.0; 
H 5.59; N 2,92, 


4, M, p. 195-197 (from acetone— ether mixture), Xmax 225, 280 mp (log 4.4920, 
4.1323); Amin 260 my (log € 3.9780). 


Found %: C 53,16; H 5.2; N 3.00. CypHygOgNal.. Calculated dt: C 52,9; H 5.295 N 3,09, 
The third sample corresponded most closely to the natural dimethyl! ether of tubocurarine iodide, 


M, p. 262-264° (from ethyl alcohol), (alcohol) 225,280 mp (log 4.7585, 4.0735); Amin 
260 mp. (log 3.7308). 


Found %: C 49,9; H 4,56, CygHOgNql.° 3 H,O, Calculated %: C 50.0; H 5.59, 
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ON CERTAIN REGULARITIES OF MELTING POINT CHANGES IN 
HOMOLOGOUS SERIES OF HETEROCHAIN POLYMERS ; 


Corresponding Member AN SSSR V. V. Korshak and T, M, Frunze 


The question of the connection between the structure of polymers and their properties is of -~ interest 
and has been the object of numerous investigations, 


We have previously pointed out the presence of a connection between melting point and the structure of 
. the polymer chain in a series of heterochain polyamides with an even number of methylene groups per unit [1]. 
This relationship between melting point and the ratio of amide and methylene groups is given by the equation 
y = 7x +110, where y is the melting point and x is the ratio of amide to methylene groups in mole percent, 
The presence of a graphic relationship between ‘melting point and the number of atoms in a unit of polyamides 
has also been noted by Champetier and Aelion (2) and by Hill and Walker (3), 


‘A more careful consideration of this question, subsequently carried out by us, showed that the linear t Tte- 
lationship applies not only in the series of even polyamides, but also in other series of heterochain polymers, For 
this purpose, we considered homologous series of polyureas, polyamides, polyurethans, polyesters, and polyanhydrides, 
It was shown that in all of these series there exists a quite specific relationship between the number of methylene 
groups per unit and the melting points of the polymers, We treated the material on polyamides in some detail 
[4]; the remaining classes of compounds were touched upon more sketchily just in order to show that the questions © 
under consideration have general significance for all classes of heterochain polymers, — 


The similarity among the above- indicated different types of polymers proved to be sufficiently close that 
when the relationship between melting point and the heterochain characteristic (the heterochain characteristic is 
the ratio of the number of heterobonds per unit to the number of methylene groups, the ratio being expressed in 
_ percent (5]) was represented graphically, all of the lines of the graph intersected the ordinate axis in a — 
point, 


As seen from Fig, 1, a , the experimental points in each series are well niputneui by straight lines, Thus, 
in each series of identically constructed polyamides, as in other classes of compounds which we will consider 
_ below, there is a linear relationship between melting point and heterochain characteristic, The slope of the lines 
expressing the relationship between melting point and heterochain characteristic varies in a manner which is de- 
pendent on the structure of the unit, In the polyamide series, the greatest slope belongs to polyamides obtained 
from acids and diamines with an ever number of methylene groups in the molecule, It is interesting to note that 
the slope is sensitive to whether there is an odd number of methylene groups in the diamine or in the dicarboxylic 
acid, In the case where we have a dicarboxylic acid with an even number of methylene groups and a diamine 
with an odd number, the slope of the corresponding line is greater than in the case where we have a polyamide 
obtained from dicarboxylic acids with an odd number of methylene groups and diamines with an even number of 
methylene groups in the molecule, Lines corresponding to polyamides obtained from dicarboxylic acids and 
diamines with odd numbers of methylene groups in the molecule have the least slope, 


The data obtained for polyurethans, polyureas, and polyanhydrides are presented in Fig, 1, b. Here we also . 
observe a linear relationship between melting points in homologous series of the indicated polymers and the values 
of their heterochain characteristics, the slope of the lines changing sharply on going from polyureas to polyurethans 
to polyanhydrides; while for the first two classes of compounds an inctease in melting point with an increase in 


heterochain characteristic is observed, the polyamides present the reverse picture — the melting _— decreases 
with an increase in heterochain characteristic, 
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A similar relationship is also observed in the case of the polyesters, as may be seen from the graph pre- 
sented in Fig, 1,c, and in the case of the polyesters there is also a difference between polyesters from dicarboxylic 
acids with an even number of methylene groups and _—- obtained from acids with an odd number of 
methylenc groups in the molecule, 


Melting point, * 


Melting point, 


4 © 
heterochain characteristic, heterochain characteristic 


150 


3. 
20 
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2 mole % 0 mole% 
heterochain characteristic heterochain characteristic 


Melting point, ° C 


Fig. 1. Change in melting point in the series: 1) polyureas, 2) polyamides } with an 
even number of CH, groups in the diamine and acid, 3) the same based on more precise | 
data, 4) polyamides from diamines with an even and acids with an odd number of CH, 
groups, 5) polyamides from diamines with an odd and acids with an even number of 

CH, groups, 6) polyamides from diamines and acids with odd numbers of CH, groups, 

1) polyurethans, 8) polyanhydrides with an even number of CH; groups per unit, 9) 
polyesters from glycols and acids with even numbers of CH, groups, 10) the same with 

an odd number of CHg groups in the acid, 11) polyanhydrides with an odd number of 

CHg groups per unit, 


In the case of the polyesters, just as = the case of the polyanhydrides, the melting point decreases with 
an increase in the heterochain characteristic; this is in contrast to the polyamides, polyurethans, and polyureas 
where the reverse relationship holds, Apparently, this difference between the polyesters and polyanhydrides, on 
the one hand, and all polymers containing nitrogen in the chain, on the other hand, is determined by the cir- 
cumstance that the amide groups, owing to a tendency toward the formation of hydrogen bonds, increase, as they 
accumulate in the molecule, the strength of the bonds between the individual chains, and this is expressed in an 
increase in melting point, On the contrary, polyesters and polyanhydrides, which have ester oxygen bonds, decrease 
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in melting point with an increase in heterochain characteristic, i .e., with an accumulation of ether bonds in the 
chain, The ether bond is a factor which “softens™. the structure of the chain, and an accumulation of ether bonds 
leads to a decrease in melting point in the polyester and polyanhydride series, 


We have set up equations for each of the groups of compounds under.consideration, these equations tie 
' presented in Table 1, These equations were derived from the usual two-point form for the equation of a straight 
line, As is well known, in this equation the coefficient of x represents the tangent of the angle made by the 
line with the abscissa axis, and the constant represents the point of intersection of the line with the ordinate axis, 


As is seen from Fig, 1, a- c, the experimental points lie rather well on the respective straight lines constructed 
from the equations presented in Table 1, 


TABLE 1 
Equations for Various Polymers 


1 Polyamides with ah even svanbes of methylene 
groups per unit y = 7x +110 | 
2 | Same y = 1x + 125° 
3 Polyatnides from panes acids with an odd be 
‘and diamines with an even number of é ie 
methylene groups y =6,2x +110 
4 Polyamides from dicarboxylic acids with an even st 
and diamines with an odd number of ; 
methylene groups y =5.6x +110 
5 Polyamides from dicarboxylic acids and diamines _ 
with an odd number of methylene groups y = 4.5x + 110 
6 Polyamides with sulfide sulfur in the chain y = 3x +110 
1 Polyamides with ether oxygen in the chain ; y =1.9x + 110 
8 Polyureas with an even number of methylene 
groups per unit y =8.4x +110 
9 — | Polyurethans with an ever number of 
methylene groups per unit | y=3.5x +110 
10 Polyanhydrides with an even number of 
_ methylene groups per unit y= ~ 2,5x +110 
11 Polyanhydrides with an odd number of ¥ 
methylene groups per unit ‘| y= 3.6x +110 
12. Polyesters with an even number of methylene ~ > ee 
groups per unit y= — 3,0x +110 
13 Polyesters with an odd number of methylene 
groups per unit y= ~ 3.6x + 110 


* For the case where the melting point is determined dilatometrically, 


The slope of the line varies deintiting on the nature of the heterobond, The line te the polyureas has the 
greatest slope, Next come the polyamides, first those with an even number of methylene groups and then those 


with the different combinations of odd units, After this come the polyurethans and then _ a containing 
sulfide sulfur and ether bonds in the chains of macromolecules, 


The second group of compounds, for which the slope has a negative value, includes macnn the poly- 


anhydrides with an odd number of methylene groups, the polyesters with an even number of methylene groups per 
unit, and the polyesters and polyanhydrides with an odd number of methylene groups per unit, 


It is interesting to note that the lines for the latter two compounds fuse into one, and the points corresponding 
to these compounds are well expressed by a single line, It should be pointed out that we selected those compounds 
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for which the heterochain characteristics had average values (especially in the polyester and polyanhydride 
_ series), since such a melting point regularity is absent in polyester series with high values of the heterochain 


characteristic; this is apparently caused by polar effects which are caused, in turn, by the large number of 
carbonyl groups in the molecules of these polyesters, 


As seen from the graph ptesented in Fig, 1, d, all of the lines expressing the dependence of melting point 


on heterochain characteristic intersect the ordinate axis at a single point, at 100°, eae in a region corresponding 
to the melting point of polyethylene, 


It should be noted that the size of the segment cut on the ordinate axis depends greatly on the method of 
determining the melting point, Thus, curve 2, which shows the melting point dependence in the series of even 
_ polyamides, was constructed on the basis of melting points determined by a dilatometric method, In this case, 


the melting points lie-above the usual values by approximately 15°; the intersection of this curve with the 
ordinate axis occurs not at i10°, but at 125°, 


That the point of intersection of the curve with the ordinate axis does not quite correspond to the usual 
~ melting point of polyethylene is readily understood if it is considered that polyethylenes generally do not have 
a precise melting point. According to various data, it varies within a rather wide interval, Both the breadth of 
this interval and its position depend on the method of determining the melting point and on the nature of the 
polyethylene sample investigated, the molecular weight and other characteristics, High-pressure polyethylene 
. has a melting point, which, according to the data of different authors, lies between 104 and 111° (6, 1; low- 


pressure polyethylene has a melting point between 124 and 133° [6, 7], while polymethylene a by the . 
decomposition of diazomethane melts at 128° (8). 


Considering these circumstances, it must be admitted that there is rather good correspondence between 
the conclusions formed from the above equations and the experimental data, 


‘The existence of a linear relationship between the melting points of the groups of polymers which we are 


considering and their heterochain characteristics shows that there is a direct relationship between the physical 
properties and the structure of these polymers, 
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ON SUBSTITUTION REACTIONS IN THE METHYLENE 
UNIT OF g-KETOACETALS 


N. K. Kochetkov and E, Nifant‘'ev 


(Presented by Academician A. N, Nesmeianov, Match 10, 1958) 


In recent times, 8-ketoacetals have found widespread application in organic synthesis. The high avail- 
ability of these compounds is due to well-devetoped methods for their synthesis from 6-chloroviny! ketones 


{1, 2} and hydroxyrmethyleneketones [3]. The 8-ketoacetals, recently prepared in our laboratory [4], are 
especially convenient in view of their high stability. 


Up to the present, for synthesis purposes use has been made only of condensations at the keto group of 
acetals (2, 4-6) or of conversions of the type undergone by B-dicarbonyl compounds, chiefly for the synthesis 
of heterocyclic compounds (see, for example, [1, 7]). Substitution in the methylene group of §-ketoacetals is 

an especially interesting reaction permitting the use of these acetals in a completely new direction and thereby 


broadening to a still greater degree the use of 8-chlorovinylketones (8), of which 8-ketoacetals are analogs and 
derivatives, 


In the present article, we report some preliminary data on reactions of this type. First of all, we studied 
the bromination of g- -ketoacetals under various conditions, In aqueous medium and in the presence of barium 
carbonate, the bromination of the methylene group of 8 - - ketoacetals proceeds readily; however, the reaction is 
complicated by cleavage of the acetal group, which results in the formation of meso-substituted g - ketoaldehydes; 
in individual cases, the latter have also been obtained by bromination of hydroxymethyleneketones (9) : 


‘ Br, 4 
CH3COCH.CH (OCH3), ——> CHsCOCHBrC 
H,O 
A more interesting result was obtained by bromination of cyclic acetals in ether in the presence of barium ; 
carbonate; in this case also, bromination proceeded in the methylene group, but the acetal group was retained: 


RCO — CH,CH | Br: --CO— — 
O—CH, O— CHL. 


The resulting bromoacetals may be used in various directions; however, one of the most interesting 5 


possibilities is dehydrobromination by the action of potassium hydroxide in benzene, a reaction which we 
carried out: 
onl 
C.H,CO — Clie — — cH=C 
O—CH, -O—CH, 


4 
he : 
= 
; : 
is 


~ It may be hoped that this reaction will open up possibilities for the preparation of the most varied acetals 

~ of B-acylketones, compounds for which there is at present no satisfactory general method of synthesis, The 
action of an excess of alcoholic alkali on meso-bromoketoacetals results in the formation of esters of B- ~keto 

acids, which are formed as a result of the further conversion of the acetal of B- acetalketene: 


“KOH 


Another reaction of 8-ketoaldehydes, the study of which was recently undertaken by us, is oxidation with 
lead tetraacetate, When the dimethy! acetal of acetoacetaldehyde is heated with this reagent in benzene or 


acetic acid solution, oxidation of the acetal occurs at the methylene group, but the teaction is complicated by 
replacement of one of the alkoxyl radicals by an acetoxy group: 


OCOCH;). 
— CH CH,COOH — CH; — 


The replacement of alkoxyl radicals in acetals by an acyloxy group under analogous conditions is well 
known [10]. During the time this work was being cartied out, a brief note by Plieninger and Miiller appeared 


in which results similar to ours were reported without any indication of the experimental details or constants 
of the compounds prepared, 


Besides the reactions described above, we also studied the condensation of the cyclic acetal of benzoyl- 
acetaldehyde with benzaldehyde. The interaction of these two reagents in methanol in the presence of gaseous 
hydrogen chloride gave 8-chloro-g - phenylpropiophenone, the structure of which was shown by conversion to 

_ 3,5-diphenylisoxazoline, Thus, the condensation of an acetal through the methylene group with benzaldehyde 


was complicated by decomposition of the acetal in the manner of g-dicarbonyl compounds, since the reaction 
was carried out under rather severe conditions: 


O— CH: 


Oo 
CHe 
HCI 
| 
cl 
af 


In attempts to carry out nitrosation and sulfonation of B- ketoacetals, we were unable to obtain the desired 
Results, 


The preliminary data reported in this article show that the activity of the methylene group ‘in gs -ketoacetals 


can hardly compare with the activity of the methylene group of other g-dicarbony! — itis more re- 
— of the activity of the a-carbon group in —- ketones, 


EXPERIMENTAL® 


Bromination of the dimethyl acetal of acetylacetaldehyde in water, To a mixture of 7 g of the acetal, 
5.2 g of barium carbonate, and 15 ml of water was added dropwise 2.9 ml of bromine while stirring and illumi- ~ 
nating with a lamp; the reaction mixture was gradually heated on a water bath to initiation of the reaction, 


® With the assistance of N, V. Molodtsoy and V. N. Kulakov, 
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After the addition of half of the total amount of bromine, the temperature of the reaction mixture had risen to 
55-60°; hence, heating was discontinucd, After complete decolorization of the reaction mixture, the lower 
layer was separated, The aqueous layer was extracted three times with ether, The ether extracts were com- 

_ bined with the separated oil and dried over sodium sulfate, After careful distillation of the ether under vacuum, 
the crystalline material remaining in the flask was pressed on a porous filter, washed once with 1-2 ml of 
chloroform and with petroleum ether (3 times with 4 ml). The material was dried in a vacuum n desiccator, 

The yield was 4.4 g (51%), ‘ 


The a-bromo-g-ketobutyraldehyde crystallized in light rose plates with a m, p. of 109-110°, It darkened 
on standing. 


Found %: C 28,61, 28.66; H 3,17, 3.14, CyH,0,Br. Calculated: C 29,05; H 3.15. 


Bromination of the ethylene glycol acetal of acetylacetaldehyde in ether, To a mixture of 26.2 8 of the 
acetal, 40 g of barium carbonate, and 70 ml of ether was added dropwise 10.5 ml of bromine while stirring and 
under illumination from a lamp. The reaction was very slow for the first 5-7 minutes, but then proceeded 
vigorously, When the bromine had been completely added, the reaction mixture was stirred for an additional 
1-2 minutes. The suspended mineral matter was filtered and carefully washed with ether, The ether filtrate 
was carefully dried over sodium sulfate, After distillation of the ether, the residue was distilled under vacuum, 
and the fraction boiling at 104-107°/6 mm was collected, The yield was eH g (41%). After a second distilla- 
tion, the material had the following constants: b, p. 104-104.5°/6 mm, np 1.4938, d™, 1.5840, MRD found 
38.50, 38.77. 


Found C 34,19, 34.14; H 4.29, 4.31, CgH,O,Br. Calculated bs C 34.41; H 4.90. 


Colorless oil with sharp odor, Unszabie on standing. 


The interaction of the ethylene glycol acetal of meso- bromoacetylacetaldehyde with alcoholic alkali, 
4 g of the bromoacetal, 1.1 g of potassium hydroxide, and 13 ml of methanol were mixed in the cold and then 
heated on a water bath for 2 hours, The mineral material was suction filtered, and the resulting oil was distilled 
under vacuum, The fraction boiling at 65-73°/10 mm (1.8 g) was distilled J second time, and the methy] ester 
of acetoacetic acid was collected at \ ptths .5°/10 —. The material had n™ D. 1.4183, d™ 1, 0769, Literature 
values [12]: b. p, 73-74°/12 mm, n™ p 1.4186, dé, 1.0769. 


Found %: C 51,74, 51 60; H 6,98, 7.04, CsH,O3. Calculated C 51.81; H 6,92, 


Ethylene glycol acetal of 8- benzoylketene, 4 g of the acetal of eneso-teeehabininepiacetabteiyte, 20 ml 
of absolute benzene, and 1.3 g of powdered potassium hydroxide were stirred first without heating and then at 
70-80° for 4 hours; the organic layer was decanted, and the benzene was distilled from it under vacuum, The 
remaining oil was diluted with half its volume of ether, and the mixture was cooled to 70°. Tae precipitated 
crystals were quickly filtered by suction and washed with cold ether, The yield of ethylene glycol acetal of — 


benzoylacetaldehyde was 0.75 g (27%). After recrystallization from chloroform, the colorless needles melted 
at 61-61.5°. 


Found%: C 69,21, 69.08; H 5.80, 5.87. CyyHyO3. Cnodunie € 69.42; H 5.41. 


Bromination of the ethylene glycol acetal of benzoylacetaldehyde, 5 ml of bromine was added dropwise, 
with stirring and illumination from a lamp, to a solution of 15 g of the acetal in 250 ml of absolute ether, On 
completion of the addition of the bromine, the reaction mixture was stirred for another 15 minutes; the ether 
was then distilled, and, on some days, the residue remained in the condenser where it crystallized, The crystals 

‘were pressed on a porous plate and recrystallized from'‘methanol, The yield was 8.4 g (50 %), m. p. 66-67. 


Found %: C 48.77, 48.77; H 4.20, 4.22, CyHyOsBr, Calculated %: C 48.71; H 4,06, 


- Oxidation of the dimethyl acetal of acetylacetaldehyde with lead tetraacetate, 12 g of the acetal was 

_ added dropwise to a suspension of 41 g of lead tetraacetate in 30 ml acetic acid while stirring and heating to : 
60°, The addition of the acetal was completed in 20 minutes, and the temperature of the reaction mixture was 
taised to 70-80°, After 1.5 hours, the temperature was decreased to 65°, and the reaction mixture was stirred 

. for another 5 hours, after which it was cooled, The mineral material was filtered and washed with ether, the 
combined organic filtrates were treated with water, and the aqueous layer was extracted with ether, The ether 
extract was dried with sodium sulfate, the ether was distilled, and the residue was distilled under yacuum; the 
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fraction boiling at 67-69°/15 min (3 g), the original acetal, and the fraction boiling at 142-145°/15 mm, a-, 
8-acetoxy-B- methoxy methyl ethy! ketone [3,4-diacetoxy-4-methoxy- 2-butanone], were collected. The yield 
was 5.2 g (35 % calculated on the a le acetal), After a second distillation, the material had the eens 
constants: b, p, 144- 145°/15 mm, n” D 1.4334, d™, 1.1460. 


Found %: C 49,71, 49.54; H 1.03, 6.94, CyHyO,, Calculated %: C 49,52; H 6.47. 


Interaction of the ethylene glycol acetal of benzoylacetaldehyde with bettzaldehyde, Dry hydrogen 
chlocide was passed for 2-3 minutes into a mixture of 3 g of the acetal, 5 g of benzaldehyde, and 5 ml of 
methanol, The reaction was very exothermic, After the contents of the flask had been cooled, a voluminous 
white precipitate formed; this was suction filtered and washed with a small amount of methanol. The yield of 
8-chloro-8 - phenylpropiophenone was almost quantitative; m, p, 114.5-115,5°, 


Found %: C 73.72, 73,77; H 5.42, 5.49. CysH,sOCl, Calculated: C 73.45; H 5.30. 
With hydroxylamine, this substance formed 3,5-diphenyloxazoline with a m. p, of 74-74,5°, 


The literature value for 3,5- diphenyloxazoline (12): m, p. 73°, 
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ON SOME NEW TYPES OF THE ARBUZOV REARRANGEMENT 


NV. A. Kykhtin 
“i (Presented by Academician 8B, A, Arbuzov, March 14, 1958) 


In recently published papers by G. Kamai and V, A, Kukhtin there are described some new instances of 
the Arbuzov rearrangement which take place during the action of various electrophilic reagents on trialkyl © 
phosphites.[1-8], The majority of these papers were devoted to the study of the interaction of esters of 

phosphorous and phosphonous acids with CaC“CmO-conpugeeed systems [3-8], 


Continuing the study of reactions of #,1-conjugated systems with trialkyl: phosphites, we found hat the 
latter readily enter into reaction with diacetyl, the final product of this reaction being a dialkoxy (dimethy]- 


alkoxyvinyl) phosphate (11), By analogy with previously studied reactions [3, 4], its formation evidently proceeds 
according to the following scheme: 


(RO), P: + Cil [ 
“Oo 
qa 
CH. 
am) 


The product (I), formed by the nucleophilic attack by the phosphorus on the carbon atom, readily rearranges to 
product (Ia) with the formation of the more stable P—O bond, Bengelsdorf [9] was led to such a scheme for 
the case of the interaction of phosphites with a-halocarbonyl compounds, The constants of the alkoxyvinyl 
phosphates obtained are presented in Table 1, On complete saponification, these substances yield phosphoric 


acid, but on careful saponification with a 2% solution of hydrochloric acid, the corresponding keto phosphates 
are formed (Table 1), 


ty cu, CH, 
(iv) 


By carrying out the addition of trialky] phosphites to diacetyl under mild conditions (20-30°, in ether 
solution), we were able to separate in the pure form, by distillation, the intertnediate reaction product (ID, 
In its properties, it was analogous in many respects to the impure form of the intermediate product of the addi- _ 
tion of trialky] phosphites to a, g-unsaturated acids, previously studied by us [3-8], It reacted with water with — 
considerable evolution of heat (to 50- 70°), forming the keto phosphate (IV), It converted to the final alkoxyviny! — 


phosphate (III) on heating or spontaneously on standing. Telomerization spies oe when several drops _ 
of product (II) were added to acrylic acid (8). 


The reason for the high stability of our trialkoxyphospho anna dioxides (11) in comparison 


with the intermediate products of the addition of phosphites to acids becomes clear when their formulas are 
compared: 
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As shown in our papers [7, 8), the PO bond in the cyclic product (V) has an ionic character, and if it is 
not completely ionic, it is, in any case, strongly polarized and unstable, The molecule of product (II) is sym- 
metrical; the two P—O bonds are equivalent, and the polarization is obviously equally distributed between the 
two bonds thereby providing for stability of the molecule, However, at the instant of reaction, polarization is 


_ probably concentrated at the bond being attacked, and, thérefore, product (1) is not inferior to product (V) in 
chemical activity, 


TABLE 1 


B. p.. 
*C/mm Hy 


4g cH 


127—130/10| 1,4250 


(a 2C,H,0),P—OC=C -CC, 140—142/10 


1,4230 


148—150/10| 1,4240 | 1,0192 


132—134/12] 1,4230 | 41,1122 | 43,78 | 13,84 | 30,7 


104—105;10] 14,4290 


127—130/10) 1,4305 


‘The isolation in the chemically pure form of the intermediate product of the addition of trialkyl phosphites 
to diacetyl is again confirmation that the interaction of 1 .-conjugated systems with esters of trivalent phosphorus 
acids is a new type of the Arbuzov rearrangement, It is true that a phosphate, and not an alkylphosphonic acid, 

is formed as the result of the addition to diacetyl, However, the almost complete analogy of the course of this 


reaction to the action of C=C-C= re systems compels us to consider it as one of the types of the 
Arbuzov rearrangement, 


In recent years, many authors have studied the sesction of e-halocarhony! compounds with phosphites 
(9-14). In our own papers, we have already expressed the thought that the reaction of g,1-conjugated systems 
with phosphites, as well as reactions of m ,7-conjugated systems, can be considered to be a particular case of the 


Arbuzov rearrangement [3, 4], The conjugated in halocarbony! is in nature to the 
conjugated system of a-diketones, 


Therefore, the obtaining of the intermediate product of the ‘Arbuzov rearrangement occurring during the © 
action of diacetyl on trialkylphosphites is, in our. opinion, indirect confirmation of our proposal that the reaction 


! 
RR RR 
g-conjugation 


found | cate to 
1,1061 | 12,22 | 12.30 | 23,3 
CN. 
mmm | 1.0752 | 41,17 | 10,51 | 46,7 
oO 
9,83 | 9,63 | 42,6 
1,0825 | 12,42 | 12,30 | 47,2 
. oO . 
= 1.0256 | 10,92 | 10,51 | 37,1 


of halocarbony! compounds with phosphites proceeds according to the scheme of the Arbuzov rearrangetnent, It 
must also be noted that, independently of us, A, 1, Razumov was led to the conclusion that extension of the 
concept of the Arbuzov rearrangement is necessary [15], In connection with the above, we consider it necessary 
and timely to propose a new, broader definition of the Arbuzov rearrangement, It seems to us that, on the basis 
of our experimental data, on the basis of the work on a-halocarbonyl compounds [9-14], and on the basis of 
certain other work (16-19), it is possible to formulate a definition of the Arbuzov rearrangement along the 
following lines. 


By the Arbuzov rearrangement is meant the transformation of esters of trivalent phosphorus acids into 
derivatives of pentavalent phosphorus, the reaction proceeding by the action of electrophilic reagents and being 
accompanied by the formation of a new bond P—Z (Z=C, O, N, and others), It proceeds by means of an initial 
attack by the nucleophilic trivalent phosphorus atom on the most électrophilic part of the molecule; subsequently 
an intermediate addition product is formed, which is converted into the final product by the splitting off of an 
ester radical from the nucleophilic part of the addition product, ; 


Presently known cases of the Arbuzov rearrangement can be divided into three types: . 


1, Rearrangement under the action of nonconjugated (or o yo" conjugated) electrophilic systems: 


! 


‘2, Rearrangement under the action of o,~conjugated systems, This can proceed in two directions: 


a) according toa 2-1 scheme (without transfer of the reaction center): 
3- 
(RO).P: + X—C—C=Z —= 


b) according to a 4-1 scheme [or (3)- 4-1, if the initial attack is considered to be at Cs with subsequent 
formation of the P—Z bond], i.e., with moma ‘of the reaction center: 
x 
(RO),P: + Z=C—C—X —= (RO)! (RO), P—Z—C=C 
+RX 


- 3, Rearrangement under the action of  ,-conjugated systems, It always snes with transfer of the 
reaction center according to a 4-1 or (3)-4-1 scheme, 


(RO),P: + Z=C—C=¥ —=(RO),P (RON,P—Z—C=C—YR 
Cc 
Further study and consideration of these interesting reactions will undoubtedly permit additions to and an 
increase in the accuracy of our definition, 


K, M, Orekhov participated in the experimental part of this wail, and the author considers it his yisiige 
to express his appreciation for this assistance, 
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ON THE ALKYLATION OF BENZENE AND ITS HOMOLOGS WITH 
ACETIC ACID ESTERS OF y-ACETYLENIC GLYCOLS 


M, Lagidze, K, Iremadze, Sh. D. Kuprava, and 
Corresponding Member AN SSSR A. D, Petrov 


Over the course of the past few years, we have studied the alkylation of benzene with butynediol and with 
various of its homologs [1-6]. A series of polycyclic aromatic hydrocarbons were synthesized by this method; 
however, owing to inaccuracies in the determinations of the molecular weights (determined cryoscopically in 
benzene) and for other reasons, we ascribed incorrect structures to these compounds, In [7], we corrected the 
admitted inaccuracy, and acknowledged the first of these hydrocarbons synthesized by us to be 2- phenylnaphtha- 
lene (I), At the same time, we presented an hypothetical scheme for the formation of 2-phenylnaphthalene. 
We sent a copy of our article to Prof. Hancock (Reed College, Portland, Oregon, U.S.A.), who is also studying 
the alkylation of aromatic hydrocarbons with butynediols and with whom we carry on a correspondence, In his 
answering letter, sent to us in July, 1957, Prof. Hancock acknowledged our new idea on the structure of this 
hydrocarbon to be correct, He merely proposed another scheme for its formation, according to which, 2,3- 
diphenyl-1,3- butadiene is first formed, and this, under the influence of HCl, isomerizes to 3-methyl-3-phenyl- 
hydrindene which is converted by dehydrogenation and ring expansion under the influence of the Lewis acid 
into 2-phenylnaphthalene, He also directed our attention to the fact that the second of the hydrocarbons 
synthesized by us— the product of the alkylation of benzene with tetramethy" utynediol diacetate with a m. p. 


of 83-84", which was first obtained by one of us in 1952 (8, 3, 9] — is 5,5,10,10- tetramethyl-4b, 5,9b, 10-tetra- 
hydroindeno (2, 1a) indene, 11 [10]. 


‘ott, 


The formation of 2-phenytnaphthalene, along with acetyltetralin, by the alkylation of benzene with 2-butyne-1, 
4-diol has also been recently confirmed by Maier(11], At the present time, the accuracy of our scheme for the 
formation of hydrocarbon (1) is problematical, just as is that of Hancock's scheme, It seems to us that it is mote 
probable that the formation of this hydrocarbon proceeds according to the scheme: 


CH, 


| 
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As regards the structure of the above- indicated hydrocarbon with a m. p. of 83- 84°, on the basis of molecular 
weight determinations (Rast method), a comparison of the appropriate properties, the preparation of the di- 
bromide with a m. p, of 312-313°, and an investigation of its spectrum, we have come to the conclusion that, 


as proposed by Hancock, structure (II) must be assigned to it, and that its homologs must have structures analogous | 
to the structures of homologs of hydrocarbon (1) (9). 


In the present work, we studied the anhydrous AICI;-catalyzed condensation of: 1) 2,5-dimethyl-3- 


heptynie- 2,5-diol diacetate with toluene, 2) the monoacetate of di(1-hydroxycyclohexyl) acetylene with toluene, } 
and 3) tetramethylbutynediol diacetate with toluene and p-xylene. 


I, In agreement with the literature data [12], the 2 ,5- dimethy1- 3-heptyne- 2,5-diol synthesized by us had 
am. p. of 43-45°. Acetylation of this diol “—e acetic sempands under previously described conditions gave the 
diacetate with a b. p, of 97-100°/ 2-3 mm; dq 4 0.9065; n™ p 1.4531 (yield, 60% of theoretical), It saponified 


with 2,22 ml of 0.5 N alcoholic KOH; CysH290. The calculated value is 2.26 ml. A qualitative test for the 
acetylenic triple bond gave a positive reaction, 


To a mixture of 60 g of benzene (0.769 mere and 12.4 g of anhydrous AICls (0.094 mole), which was cooled 
with ice water, 10 g of the diacetate was added dropwise over a period of 40 minutes, The temperature was held 
in the range 5-10°, The flask was then gradually heated on a water bath. Appreciable liberation of HCl began 
at about 40-45°; this continued for a brief time, and began again with an increase in the temperature, After this, 
the reaction was carried out at 70-80° for approximately 2 hours, Treatment of the complex by the usual method 
"gave 11, vg of oneeeenatii product; multistage fractionation gave 3.58 g of a fraction with a b. p. of 80-85°/ 

1-2mm, d", 0.9964, n” p 1.4775. An identical product was obtained by the interaction of free AlCl, directly 
’ with the acest in dearomatized ligroin when the reacting substances were taken in equimolar amounts, and 


the reaction was carried out by heating the mixture at 75-80° for about 2 hours. The fraction boiling at 80- 85°/ 
1-2 mm corresponded to 3-chloro-4-acetoxy- 2,5-dimethyl-2, 4-heptadiene, 


Found %: Cl 16.28, 16.61; M 212.06, 217.65, CyHty0,C. Calculated %: Cl 16.4; M 216.5, 


0.7 g of the substance was dissolved in 60 ml of glacial acetic acid and oxidized with 3.5 g of CrO, over a 
4-hour period, The reaction mixture was diluted with water, and part of the liquid was distilled, The first portions 
of the distillate were treated with 2,4-dinitrophenylhydrazine, Fractional precipitation of the precipitate gave a 
product which had a m., p. of 125-127° and which caused no m, p. depression when mixed with the 2,4-dinitro- 
phenylhydrazone of acetone, which has a m. p. of 125-126° [13]; a substance with an m., p, of 115-116° was also 

obtained, and this caused no m. p. depression when mixed with the 2,4- dinitrophenylhydrazone of methyl ethyl 
ketone [13]. The major part of the solution was extracted with ether (5 times with 30 cc), the solvent was dis- 
tilled, and the residue was sublimed at 130-140° over a period of 3 hours, The resulting sublimate had a m. p, 


of 99-101° after recrystallization from ethyl alcohol, and a mixture with pure oxalic acid showed no ee 
of the melting point. 


The fraction (2.76 g) with a b. p. of 170- 1121-2 mm, d”, 1.0440; n™p 1.5825, corresponded to the 
hydrocarbon C2,H», (IIL) (yield, 24% of theoretical), From the sieht of its oxidation with CrOs in glacial 
acetic acid under the conditions described above, methyl ethyl ketone and benzoic acid were isolated and 
identified, It displayed properties similar to those of the other hydrocarbons prepared by this route. Brief oxida- 


tion of (III) (see Table 1) with CrOy in glacial acetic acid over a anes of 30-40 minutes gave a neutral, cry- 
stalline material with a m. p, of 144-145°, 


Found %; Cc 81. 55, 81.50; H 7.18, 7.27; M 318.4, 324.3, Cateutated 82,35; 
H 7.18, 


Bromination in cold CC\, of the fraction boiling at 170-172°/1-2 mm gave a dibromide with a m, p, of 248- 249°, 
Found %: Br 37.17. Calculated %: Br 36,86, 


Il, Condensation of the monoacetate of di(1-hydroxycyclohexyl)- acetylene with toluene under analogous 
conditions gave a hydrocarbon of the composition CogHy (IV) (Table 1), It crystallized immediately after re- 
‘moval of the solvent from the condensation product, After two-fold recrystallization (from a 2:1 mixture of 
alcohol and benzene), the product had an m., p, of 250- 251° and was characterized by properties similar to those 
of the previously described hydrocarbons adees 10-12% of theoretical), 


TABLE 1 


Analysis In n-heptane 
1 
Hydrocarbon a °8 €max 


_ Hydrocarbon (II) 


b. p 
170—173" / mm 


Hydrocarbon (IV) 
Costas, 
b.p. 250—251° 


. 290 
b. p. 138—140°/1 mul —92,19 


Hydrocarbon (V}) 


b. 


Ill, Condensation of tetramethylbutynediol diacetate with toluene. Amounts of the reactants: 30 g 
(0.131 mole) of the diacetate, 36 g (0.270 mole) of anhydrous AIC], 88 g (0.956 mole) of toluene, The con- 
densation time was 8 hours, The maximum temperature at the conclusion of the reaction was 97-100°, Along 
with other substances which still have not been investigated, gigs” fraction of ~ condensation product 
gave an incompletely pure product with a b. p. of 138-140° (1 mm), 4”, 1.0099; n™ p 1.5670, which had the 
approximate composition Ce2Hy. (V) (yield, 20% of theoretical), In chemical behavior, it was similar to the 
hydrocarbons mentioned above, On standing, it oxidized appreciably, acquiring a yellow color, 


IV. Condensation of tetramethylbutynediol diacetate with ne. The p-xylene used in the reaction 
was twice distilled over metallic sodium, b. p. 134°/730 mm, n™p 1.4950; freezing point +13°(14]. The 
reaction was carried out under the conditions described above by gradually heating the flask (after the addition 
of the diacetate) to 100° over a period of 1 hour, From 20 g of the diacetate was obtained 19.78 g of condensa- 
tion product, distillation of which gave three broad fractions. The higher-boiling fraction, b. p. 170-190°/2-3 mm, 
4.1 g, almost completely crystallized on the addition of a small amount of acetone. Several recrystallizations 
from ethanol gave a product with a m. p, of 136-137°; it closely corresponded to the hydrocarbon of the com- 


position Cy4Hs (VI). The uv. — and the structures of the hydrocarbons synthesized by us are emt in 
Table 1, 


The spectra of hydrocarbon (VI) had the same character as those of (11), (111), (IV), and (V), but the bands 
in the 260 my region, which are characterized by fine structures, were absent, This apparently means that the 
intensity of the 260 mp band of (IL) was low. The intensity of the band was low in comparison with the intensities 


C | 91,2; 91,03] 91,30 | 260 | 3,49 
¢| c | 90,87;90,94| 90,81 | (265)| (3,24) 
‘ 
258 | 3,40 
272 | 3,49 
ccc ¢ 3 
C |90,27;90,56| 90,56 


of the bands of hydrocarbons (II), (IV), and (V), Such a change in the absorption spectra with the introduction 
‘of additional methyl! groups is, perhaps, connected with deformation of some of the valence angles of the 
molecule. The presence in the spectra of hydrocarbons (III) and (V) of an absorption band in the 295 mu region 
is apparently due to the presence of a very small amount of impurities, 


Lr spectra were obtained for (III) and also for its dehydrogenation product — a hydrocarbon with a m., p. 


Of 216°[6, 9}. (@KS-11 spectrometer with NaGl prism: in CCl and CS, solutions), The following bands were 


observed (in cm™4): (I) — 725 (av), 762 (vs), 790 (w), 809 (av), 820 (w), 867 (av), 895 (av), 916 (w), 942 (s), 

— 977 (w), 1012 (vs), 1026 (s), 1080 (av), 1112 (av), 1132(w), 1155 (s), 1188 (av), 1228 (s), 1257 (w), 1284 (s), 

- 1321 (av), 1363 (s), 1375 (vs), 1423 (w), 1446 (vs), 1474 (w), 1580 (w). For the hydrocarbon with a m. p, of 

— 216-217°: 710 (av), 753 (vs), 762 (w), 786 (w), 857 (s), 928 (av), 986 (s), 1010 (s), 1672 (s), 1110 (av), 1144 (av), 
1168 (w), 1214 (s), 1248 (s), 1298 (av), 1330 (w), 1360 (s), 1368 (s), 1458 (vs), 1605 (s), The general character 
of the i. r. spectrum of (III) was similar to. that of the spectrum previously obtained for (II); in particular, bands 
in the regions 730-760 em}, 950-1050 cm”!, and 1480-1580 cm” are characteristic. Moreover, two bands 
were observed at 1363-1375 cm™!, corresponding to gem- substituted CH groups, It is interesting to note that on . 
going to the hydrocarbon with an m. p. of 216-217", the frequency for the gem-substituted C atom was retained, 
but new frequencies appeared which are usually assigned to a monosubstituted aromatic ring: 710, 1010, 1072, 
and 1605 cm™*, Along with these naee, in the spectrum of the hydrocarbon with a m., p, of 216-217° was ob- 
served an intensity band at 753 cm”, which is encountered in the spectrum of (III) and other 1, 2- substituted 
benzenes, 


_ The ultraviolet absorption spectra were taken by T, N, Shkurina, and the infrared by Iu. P. Egorov. 
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POLY MERIZATION OF HIGHER DIENIC HYDROCARBONS 


A. Livshits and L. M, Korobova 


(Presented by Academician V. A, Kargin, March 24, 1958) 


In recent yeats, in the Soviet Union and in the U.S.A. isoprene polymers have been synthesized, which, 


in their combination of propetties, approximate natural rubber more than other previously known synthetic 
rubbers (1-5). 


It seemed of interest to determine to what extent high strength in combination with high elasticity, which 
is characteristic of natural rubber vulcanizates, is also characteristic of polymers of other dienic hydrocarbons, 


With this aim, polymers of 2- ween 3-pentadiene, 2-ethyl-1,3- butadiene, and 2-isopropy|- 1 ,3- butadiene 
were synthesized. 


2-Methyl-1,3-pentadiene was prepared by catalytic conversion of a mixture of isopropy! alcohol and 
acetone over an S. V, Lebedev catalyst modified by the method of Iu, A. Gorin and A. A, Vasil'ev (6). Separa- 
tion of the diene from its mixture with other hydrocarbons was carried out by eanarieuonan jn a laboratory column 
with an efficiency of 100 theoretical plates, 


2-Ethyl-1,3- butadiene was prepared by the method by which Marvel and co-workers originally attempted . 
to prepare this hydrocarbon [7] with the exception that the catalyst used for the dehydration of 2-ethy]-2-hydroxy- 
1-butene was not potassium acid sulfate, but instead was prepared by impregnation of pieces of coke with a 
solution of sodium phosphate, phosphoric acid, and butylamine phosphate [8]. 


The yield of 2-ethyl-1,3-butadiene was 32.4 % of theoretical, The 2-isopropyl-1,3- butadiene was pre- 
pared by the method of Marvel [7, = 


TABLE 1 
Polymerization of AlkylIbutadienes 


Monomer 


Polymerization 


_temp., °C 


Polymerization 


Polymerization 
time, hours 


Polymer 
plasticity 


2- Ethyl-1,3- butadiene 


2-Isopropy1-1,3- butadiene 


2- Methy1-1,3- pentadiene 


* More accurately, 5 minutes 


These monomers had the following properties: 2- meyrt 3- pentadiene, b. p. 75.5°/760 mm, n Pl. 4455, 
tha 66 6°/760 mm, n™ 1.4328, 4 0.7154; 2-isopropyl-1, 3- butadiene, 


d™ 4 9.7179; 1,3 


50 
50 
10 


50 
70. 


50 
10 


b. p. 86-87", 1.4318, d™ 0.7252. 


Lithium 


Butylithium 
Lithium 


Butyllithium 


5 
0.5 


0 38 
0.59 
not determined 


0.37 
0.39 


0.66 
0.62 


|. 
« 
‘ 
- 
0.08 
4 


In the polymerization of isoprene to obtain rubber similar to natural rubber, other investigators have used 
_ metallic lithium or Ziegler catalyst (5) as the initiator of the process. We also used metallic lithium for the 
polymerization of the higher dienic hydrocarbons; in part of the experiments, butyllithium was used as the 


initiator, The polymerizations weré carried out in glass =e at temperatures of from 50 to 100°, The 
> degree of polymerization was 98-100%, 


TABLE 2 
of the Polymers 


Glass transi-| Properties of the gum rubber vulcanizates 
Polymer Plasticity} tion temp.,| tensile, relative elonga-| permanent 
*“¢ kg/cm? tion, % set 
Polyisoprene 0.35 — 68 235 1180 14 
Polyethylbutadiene | 0.56 — 16 200 1220 14 
Polyisopropylbutadiene| 0.36 52 1080 16 
. 0.66 2B 200 620 14 


As seen from the data presented in Table 1, the ae of ys. 3- butadiene and er 
1,3- butadiene proceeded at satisfactory rates, 


The presence of a methyl! group in the a- position with respect 
——e i to a double bond in 2-methyl-1,3-pentadiene led to a sharp retarda- 
tion in the polymerization process, During polymerization in the 
—_ a presence of butyllithium, the process required 16 hours at 50° and 
hours at 70°, The of 2-ethylbutadiene at 70° re- 
ety quired for 5 minutes, 
> 
3 rh The polymers differed considerably frdm each other with 1 re- 
3 Y spect to glass transition temperature (Table 2). 
= 0 77) > 0 Me The methylpentadiene polymer had a relatively high glass 
@ transition temperature; in this polymer, each unit, which is added 
Fig. 1. Rebound resilience of gum 1,4, has two methyl groups, Isopropy Ibutadiene polymer, which has 
an isopropyl group in each unit, had a lower glass transition tempera- 
rubber vulcanizates, 1) 2-ethyl- 
1,3-butadiene; 2) 2-isopropyl- ture, Polyethylbutadiene had the lowest glass transition temperature; 
“1,3-butadiene, 3) 2-methyl-1, it even than glass transition temperature of natural 
pentadiene, 


With respectto tensile strength of the unreinforced vulcanizates, 
the ethylbutadiene and methylpentadiene polymers differed little from polyisoprene. However, the methyl- 


pentadiene polymer had low (Fig. 1). was not inferior to with respect 
to elasticity, 


These investigations have shown that not only polyisoprene, but also polyethylbutadiene rubber has high 


tensil and high elasticity in the vulcanized state, The latter somewhat excels isoprene rubber with respect to 
‘cold resistance, 
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As was previously shown by Marvel et al, [11], a 2-ethyl-1,3- butadiene polymer prepared by emulsion 
_ polymerization also had a low glass transition temperature, : 
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THE STEREOCHEMISTRY OF 9,1-CONJUGATION 
CHLOROMERCURICAMPHENILONE 


Academician A, N, Nesmeianov and I, I, Kritskaia 


At the begining of 1950, one of us {1} compared a aumber of factors which dectease (or which cause to 
be absent) the ability of atoms (or groups) joined to a carbon atom at a bridge end of a bicyclic system to exchange,” 
In October, 1950, a review by Fawcett (2j appeared on this.same subject. Here, the inertness was treated from 

the point of view of Bredt's rule [3] with respect to the impossibility of forming a double bond at'a bridge end 
of a bicyclic system, Actually, a number of.cases of inertness of atoms at bridge ends of bicyclic systems are 
naturally explained by Bredt's rule; among these are, for example, the inability of a-bicyclic ketones to enolize 
and the impossibility of dehydration or dehydrohalogenation ‘by removal of H, Hal, or OH at a bridge end, A 

- ‘number of other phenomena, such as the impossibility of decarboxylation of a B-keto « acid with the carboxyl at 
the end of a bridge (camphenilonecarboxylic acid, for example, distills without decomposition at 312°, while - 
1,3,3-trimethylcyclohexanone~2- carboxylic acid decomposes even at room temperature) and the inability of the 
hydrogens of camphenilone to exchange with deuterium even in the presence of a base [4] (in contradistinction 
to the monocyclic ketones of similar structure, 2;6,6- trimethylcyclohexanone and 2-methyl- 6-spirodecanone) — 

_ such cases require special proof that decarboxylation of g-keto acids and deuteriurn exchange in ketones -_ 
through an enolization stage. The mechanism of decarboxylation has been given in a paper by Pedersen [5]. 

The widely studied nonexchangeability of halogen at a bridge end obviously has no relation to Bredt's- tule, but 
has been explained by the necessity of Walden inversion during nucleophilic exchange, But Walden inversion is 
impossible at the end of a bridge in a bicyclic system. The facts of nonexchangeability at a bridge end, which 

_ clearly cannot be explained by either route, impelled one of us, in 1950, to propose that the axes of the g- and 

\ W-electron orbitals must be parallel for complete development of g,7- -conjugation and that perpendicularity of 
these axes disrupts conjugation [1]. This requirement is analogons to the requirement of planarity in a m ,w-con- 
jugated system, The present work provides a measure of confirmation of this hypothesis. In 1956, apparently 
not knowing of our 1950 article, Corey and Sneen [5a] published an analogous proposal, applying it to the case 
of enolization of cyclic ketones with different conformations (axial and equatorial) of the on C-H bonds, re 


The a- chloromercuricamphenilone synthesized by us had the “mercury atom joined to the carbon at the 
_ bridge end, which is simultaneously the a- atom with respect to the carbonyl group, A mercury atom connected 
to the a-carbon atom of open-chain or cyclic ketones and aldehydes is extremely exchangeable, far exceeding 
in this respect a mercury atom in alkyl compounds, a@-Chloromercurioxo compounds are hydrolyzed by water 
in the presence of KI with replacement of mercury by hydrogen, The same replacement in accomplished by 
dilute mineral acids in the cold, They are readily triphenylmethylated by triphenylchloromethane, and are 
readily symmetrized by ammonia to a-~ mercuribis(oxo- compounds), Their mercury atoms eee undergo iso- 
tope exchange both with mercury and with mercuric chloride labeled with radioactive Hg ™%, as stiown by the 
work of O, A, Reutoy and U Ian-tsei [6]. Symmetrical mercuribis (a- oxo compounds) have even greater reactivity. 


According to the data of Winstein {7], mercury at a bridge end in a compound with no carbonyl group (in 
4-mercuribiscamphane), if it is less mobile than in a dialkylmercury, is insignificantly so, Thus, it is replaced — 
by halogen by the action of aqueous solutions of strong minetal acids, or it is replaced by aye on heating 

with concentrated acetic acid, 


4-Chloromercuricamphane is symmetrized by the action of sodium stannite to 4- mnaciiaibinapanitinne, and 
the latter with mercuric chloride readily gives the original chloromercuricamphane, The sum total of these facts 


4 
: 

: 


indicates that exchanges of this type proceed without Walden inversion, which is impossible at the end of a 

bridge. Indeed, direct experiments by. ove of us, os A, Reutov and Knol’ [8] and by Reutoy and co-workers (9) 
showed that exchange of R'R"R™ HgCl both with Hg™® and with Hg ie Br, is accomplished without change of 
configuration. Consequently, just the fact of the occurrence of mercury at the end ofa bridge cannot serve as 

. @ Teason for its nonexchangeability. Previously, in a paper by one of us and I, F, Lutsenko [10], it was shown . 
that the cause of the mobility of mercary in a-mercurized oxo compounds is not enolization, but is conjugation 
‘of the Hg~C and C=O bonds. Moreover, the. mercury atom in ~ mercuricamphenilone is exceptionally inert, 
unexpectedly more so even than in Winstein’s material, The effect of the a-carbonyl is completely absent. 
At our request, O, A, Reutoy and U lan- tsei [6] compared the exchangeabilities of mercury in a- chloromercuri- 
camphenilone and a- bromomercuricyclohexanone. In.the first case, exchange was not : complete under any of 
the conditions (40 hours, 75- 100°), while in the second case,‘e exchange with the metal was 100% after 2 hours | 
at 23°, and exchange with mercuric bromide was also 100% after 2 hours at 50° (acetone). Chloromercuricam-. 
phenilone does not react with concentrated hydrochloric acid even when refluxed many hours, the bond of the 
mercury with carbon is not affected by the usual symmetrizing agents, including KI, and it does not react with 
(CgH,);CC1. Symmetrization to di- «- camphenilony Imercury can be accomplished with difficulty by heating 

the corresponding sulfide to, 215-220, The reaction + HgCl,—> ®RHgCi (which proceeds without Walden 
‘inversion) does go in our case, though slowly. Reaction with concentrated acetic acid (80°, 13 hours) absolutely 
does not occur. Reduction of a-chloromercuricamphenilone: by LiAIly and also reaction with iodine in dioxane - 
‘proceeds considerably more slowly than with Winstein's compounds, Thus, this exceptional inertness of the system 
Hg-C—C=0 does not depend on the effect of Walden inversion, nor is Bredt's rule an explanation, The only aa 
remaining explanation. is disruption-of the conjugation of the Hg~C and C=O bonds as a result of a perpendicular 
disposition of the axes of the electron orbitals and the exclusion of the possibility « of overlapping of the latter. ; 


Our rule, which was formulated by us in 1950 and which obtains further proof in the present work, ‘is 
- broader than Bredt's rule, But it obviously includes Bredt's rule as a special case, Actually, overlapping of the 
electron orbitals of two g- and m-electrons from one of two pairsofg- and a -bonds of. neighboring carbon . 
atoms is possible to the greatest extent when the axis of the g-bond and the T-orbital are ‘parallel, In this 
case, the electron of the g-bond to some degree begins to play the role ofa r- electron, binding ‘(permanently 
or in the transition state) the embryonic x ~bond with the m-electron of the neighboring carbon, If, as a ‘result 


of the nature of the reaction, such an embryonic x-bond must be converted to an actual w-bond, Bredt’s tule 
comes into force, 


The unexpectedly high inertness of the mercury in ox chloromercuricamphenilone, in sania with 

Winstein’s compounds ,also requires an explanation, It is possible to conceive of the transition complex as 

having configuration (I) in substitution reactions (homolytic and electrophilic) which occur without Walden 
inversion, The valence angles ACA must be less in (II) than in @) or (HD, and this must lead to an increase in 
the energy of activation during replacement of an atom at a bridge end in a bicyclic system with its tigid structure, 


A’ M 
Pg 


with its decreased, in comparison to 109", value of the C-C"-C valence angles, and with the small possibility. 
of a further decrease in the angles, Such an increase in activation energy will be still greater if the bicyclic. 
system, in place of a tetrahedral carbon atom with its natural valence angle of 109°, includes a carbonyl carbon 
with its natural valence angle of 120°, the angles being reduced to less than 109°, Further reduction in this case, 
with the deviation being not from 109°, but from 120°, must sharply increase the activation energy of the activated 
state. If such an argument is correct, then substitution of hydrogen for the carbonyl oxygen in a- mercurized 
camphenilone must increase the mobility of the mercury to the degree inherent in Winstein's materials, On the 


contrary, replacement of the Oby CH, with the formation of the group C=CH, cannot WRU at the lack of mobility 
of the mercury. : 
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EXPERIMENTAL 


Since mercurization of camphenilone does not proceed under. any conditions, and the corresponding halo- 
gen derivative is unreactive, we used for our purpose the method involving decomposition of organic peroxides 
‘in the presence of searonny or mercury salts of carboxylic acids, a reaction etait by Razuvaev and co- workers 


(11). 


Camphenonoyl scab was etesgeeill by prolonged agitation of an ethereal solution of the anhydride of 
camphenonic acid (m. p, 31°) [1J with an alkaline solution of 10% hydrogen peroxide, The ether layer was. 
repeatedly extracted with a 5% solution of sodium bicarbonate. The yield of peroxide was 22%, a 
temperature 110-112". Iodometric titration showed 91% active oxygen. 


Found: C 66,46, 66.45; H 7.29, 7.39. Calculated C 66,28; H 1.23. 


Decomposition of the camphenonoy] peroxide in the presence of finely dispersed metallic mercury in 


boiling benzene gave only o-phenylcamphenone, which steam-distilled as a rcae-amons material with a m. Pe 
of 56-57° (from alcohol). 


Found %: C 83.93, 83.72; H 8.52, 8.56. Caslty,0. Calculated %: C 84, 05; H 8.46, 


The reaction of camphenonoy! peroxide with the mercury salt of camphenonic acid was successful; this 
reaction was carried out in the melt, without a solvent, 2g of the mercury salt and 1.5 g of the petoxide’ were — 
carefully mixed and cautiously heated with rapid stirring to 70-80°, The reaction gradually became vigorous " 
‘and then explosive, and a significant amount of metallic mercury was liberated. ‘After the explosion, the reaction 
mixture was heated for another 30 minutes, and then to the cooled reaction mixture was added an excess of an 
aqueous- acetone solution of potassium chloride, The mixture was stitred for 3-4 hours, allowed to stand over- 
night, and then steam distilled. oa-Bicamphenonoyl— a white, crystalline substance with a characteristic terpene 
odor— w was found in the distillate. The plates melted‘ at 85-86° (from alcohol). 


Found%: C 78.40, 78.52; H 9.33, 9.47. Calculated %: C 18. 19; H 9.55. 


In addition, an unknown material with a m. p. of 122-123" distilled along with the steam, A large amount 
of tar remained in the distillation flask, and from the aqueous portion was extracted, with ether, 1.4 gofa 
"mixture of camphenonic acid (1.2 g) and’ e- chloromercuricamphenilone (from 0.2 to 0.4 g). These substances 
were fractionally crystallized from alcohol. a-Chloromercuricamphenilone is a readily crystallizable, white 


material, somewhat soluble in water, readily soluble in the ma jority of ogee solvents, and insoluble in pet- 
roleum ether; m. p, 134-136°, 


Found %: C 29.01, 29.01; H 3.46, 3.61; Hg 53,35, 53.34; a 9.23, 9,27. 
Calculated C 28,96; H 3.51; Hg 53.74; Cl 9.49. . 


Acid hydrolysis of the chloromercuricarnphenilone did not take piace at all when the compound was re- 
fluxed with concentrated hydrochloric acid for 3 hours or when'treated with the acid at room temperature for 
several days, The original product was recovered; reaction with H,S gave only a white, acicular precipitate | of 
the sulfide with a decomposition temperature of 212- 214° (from alcohol), ; 


Found %: C 30.65, 30.77; H 3.74, 3.85, Calculated: C 39 .56; H 3.10. 


In contradistinction to a-chloromercutiacetone and its ‘homologs, a chloromercuricamphenilone did not 
‘react with potassium iodide in aqueous solution to give an alkali, but did give iodomercuricamphenilone in the 
form of needles with a m. p, of 134-135° (from alcohol), It decomposed on standing in the light. 


Found%: C 23.54, 23.60; H 2.88, 2.86, Calculated C 23.28; H 2.82, 


~ In an attempt at symmetrization with sodium stannite at room temperature, we isolated a low- melting 
product having acid properties; in all probability, opening of the ring occutred under the action of the alkali, 


When chloromercuricamphenilone was treated by heating with an aqueous solution of sodium thiosulfate, 
the above-described sulfide with a decomposition temperature of 212-214" was obtained, When this was heated 
at 215- 220° for 15 minutes, the resulting black mass extracted with acetone, and the extract refluxed with activ- 


ated carhon, needles of di- 2- m. 112-114° (from aqueous alcohol), were in 
a yield of 80% of theoretical, 


Found %: C 45.77, 45.60; H 5.35, 5.33; Hg 42,39, 41.80. Calculated %: C 45 “52s 
H. 5.52; Hg 42.23, 


. Reaction with HgCl, in absolute ether for 16 hours, the reverse of symmetrization, gave dikascnnininnd- 
camphenilone in 50% yield. 


When di- a-camphenilonylmercury was heated to boiling with concentrated HCl for 30 minutes, a- 
chlorometcuricamphenilone was obtained in 88% yield; m. p. 131°. 


Reduction of a-chloromercuricamphenilone with excess LiA1H, in ether solution at room temperature for 
65 hours gave 72% of a-bromomercuricamphenilone (LiBr was — in the reaction mixture), m. p. 158°, 
and about 10% of camphenilol, m, p. 84-86° [13]. 


Found %: C 25.67, 25.99; H 3.40, 3.38; Br 18.69, 18.97; Hg 4 +72, 41.82, CyHyyOHgBr. 
Calculated %: C 25.89; H 3.13; Br 19.14; Hg 48.0. 


The reaction of iodomercuricamphenilone with iodine in absolute, peroxide- free dioxane was catried out 

' in a stream of pure nitrogen, The system was evacuated to 0.5 mm, and then filled with nitrogen, After eight 

such cycles, the solutions of iodine and iodomercuricamphenilone were mixed at room temperature. There was 
absolutely no decoloration, After 45 hours, the amount of iodine in the reaction mixture was determined by 

Ritration, It was found that 30% of the iodine originally present had reacted, 
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SYNTHESIS OF DERIVATIVES OF 5+MERCAPTOINDOLE 
AND 5-MERCAPTO-1-METHYLINDOLE 


Corresponding Member ‘AN SSSR A, P. ‘Terent'ev 


and M, N. Preobrazhenskaia 


In connection with the high physiological activity of various indole compounds containing a hydroxy (or 
alkoxy) group in the benzene ring (serotonin, alkaloids, reserpine, eserpine, etc), the synthesis and study of the 
chemical properties and of the physiological activity of various derivatives of 5-mercaptoindole appeared to be 
of interest. Up to the present, no substituted indoles containing a divalent sulfur atom in the 4, 5, 6, or 7 
position has been described, Indeed, it is very difficult to prepare indoles substituted in the benzene ring by 
means of the Fischer method, the Reissert method, or any of the other methods used for the synthesis * such — 
compounds, 


hie of the new route developed by 
us for the synthesis of indoles substituted in the 
benzene ring [1] permitted preparation of a number 
of derivatives of 5-mercaptoindole and 5-mercapto- 
1-methylindole, The synthesis was carried out as 
follows, The indole (or 1-methylindold was reduced 
to the corresponding dihydroindole (indoline), In- 
doline, like other aromatic amines, enters into thio- 
cyanation reactions, The resulting thiocyanoindoline 
was dehydrogenated with the formation of the thio- 
cyanoindole, 


5-Thiocyanoindoline (1), 
methylindoline (II), 5-thiocyanoindole (III), and 
5-thiocyano- 1-methylindole (IV) were — by 
this method, 


j 
250 300 350 mp 
() R=H (meet 
Fig, 1. Ultraviolet spectra of indolines (a) act (i) R=CH, (Iv) R=CH, 
indoles (b), 1) 5-bromo-1- methylindole. 


The yield of (III) was 57% calculated on the original indole; the yield of (IV) was 34%, 


The thiocyano group entered the 5- position of the indoline ring, which is similar to the thiocyanation of 
o-toluidine in which 5-thiocyano-o- toluidine is formed [2]. During bromination of indolines also, ahydrogen 
atom attached to the number 5 carbon atom is replaced, 5-Bromo-1- methylindoline, which was dehydrogenated 
into 5-bromo-1-methylindole, was prepared by bromination of 1-methylindoline, Oxidation of the 5-bromo- 
1-methylindole with chromic acid gave 5- bromo-1- which corresponded to 1- methyl- 
isatin synthesized from isatin, 


It is interesting to note that the absorption spectra in the ultraviolet region of 5- bromo-1-methylindoline 
and the thiocyanoindolines are dissimilar, while the absorption spectra of (III) and (IV) are similar to the spéctrum 
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of 5-bromo- 1-methylindole (see Fig. 1). 


The thiocyano compounds ‘ corm disulfides when refluxed with alkali, This route was used to prepare from 
(i) the corresponding disulfide (VI, The disulfide (VII), which is not substituted at the nitrogen atom, could 
be isolated only in the form of its diacetyl derivative (VIII), 5,5-Bis (1- methylindoly1) disulfide (IX) was pre- 


pared from (Iv), 
(VD R=CH, 
(Vi) R=H (1x) 
(vmR=CcocH, \ 
a? 


By reduction and subsequent benzoylation of (II), 5- benzoylmercapto- 1-methylindoline (X) was synthesized, 
dehydrogenation of which, with chloranil in xylene, gave 5-benzoylmercapto-1-methylindole (XI). 


CAH 
(xn 
cH, tn, 


Work with these dena requires a number of safeguards since they cause severe dermatitis, which 
2-3 weeks after exposure. 


EXPERIMENTAL 


5-Thiocyanoindoline @), 40 g of potassium thiocyanate was added to a solution of 11.9 g of indoline 
in 50 ml of methyl alcohol, and to the resulting reaction mixture, cooled to below 0°, was added dropwise and 
with stirring a solution of 16 g of bromine in 20 ml of methyl alcohol saturated with sodium bromide. When 
all of the solution had been added, the reaction mixture was poured into an aqueous solution of soda (500 ml). 


An oil separated, and it crystallized after several minutes, The yield was 17.1 g (97%). M. p. 64. 5-65° (from 
methyl alcohol). 


Found %: C 61.46; H 4.53, C,H,N,S. Calculated %: C 61.33; H 4.58. 
U. v. spectrum of (1): \ max =212 my 3 log €max = 4-38. 


0.6 g of (1) was dissolved in 50 ml of acetic anhydride and heated to boiling for 15 minutes; the solution 


was poured into water, 0.6 g of crystalline 1-acetyl-5- meee cueeniat: was obtained, M. Pp. 102,5-103, °° 
‘(from heptane), ; 


- Found%: C 60,32; H 4.59; S 14,54. CyHyON,S, Calculated%: C 60.52; H 4.62; S 14,69. 


5-Thiocyano-1-methylindoline (1), The preparation of (II) was carried ovt under the same conditions 
used for the preparation of (), 13.3 g of methylindoline was thiocyanated, After addition of the bromine 
solution was complete, the reaction mixture was poured onto ice. An oil was obtained, which crystallized after 
several hours, ** 


The crystals were filtered, and extraction of the mother liquor with ether gave a an additional several grams 
of 5-thiocyano-1-methylindoline. The total yield was 15.9 g (84%). 13 g of (1) were obtained after recry- 
stallization from methy] alcohol, M, p. 45-45.5°, 


* The spectra were taken with an SF-4 spectrophotometer, The solvent was methyl alcohol, 

* It was usually necessary to introduce a seed crystal in order to crystallize the oil, A small amount of cry- 
stalline (11) was prepared by distilling 2-3 g of the material under vacuum, 5-Thiocyano-1-methylindoline comes 
over, with decomposition, at a’ temperature above 150° at 2 mm Hg; however, the red liquid which distills _ 


readily crystallizes, Vacuum distillation of a larger amount cannot be accomplished (complete decomposition 
occurs prior to distillation), 
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Found %: C 63.20; H 5,14. CyHNS. Calculated %: C 63.11; H 5.30. 
U, v. absorption spectrum of (II): A max = 286 mp; log €max = 4.16. 


5-Thiocyanoindole (III), A solution of 4.1 g of 5-thiocyanoindoline and 5.7 g of chloranil in xylene 
(100 ml) was heated to boiling over a period of 2hours, After cooling the reaction mixture, it was agitated _ 
several times with aqueous alkali (20%), and the xylene solution was filtered and washed successively with water, 
hydrochloric acid (1:1), and again with water. After distillation of the xylene under vacuum, 2,8 g of 5-thio- 
cyanoindole (68%) was obtained. M. p. 104-105° (from heptane). 


Found %: C 62.16; H 3.46, CyH_N,S. Calculated %: C 62,04; H 3.47. 
U. v. absorption spectrum of (I): Amax = 232 my log €max = 3.663 max = 330 my; log €max 2.04. 


5-Thiocyano-1-methylindole (IV), 4.8 g of 5-thiocyano-1- methylindoline and 6,2 g of chloranilin 
100 ml of xylene were heated to boiling over a period of 20 minutes. After cooling, the solution was agitated 
several times with 20% alkali, filtered, washed successively with water, hydrochloric acid (1:1), and water; 
the xylene was distilled under vacuum, and the residual oil was distilled. The material came over at a 


temperature of 160-180° at 2mm Hg. The red oily liquid rapidly crystallized; the yield was 2.4 g (51%). 
M, p. 57-57.5° (from heptane), 


Found %: C 63,69; H 4,36. CyH,N.S. Calculated %: C 63.78; H 4.28, 


U, v. absorption spectrum of (IV): Amax = 235 mys log €max =4.72; Amax = 288 my; tog € max = 3.74. 
We note that.a mixed sample with 5-thiocyano-1-methylindoline showed no depression of the melting point. 
The m. p, of the mixture of (11) and (IV). (1:1) was 46-47°, 


1,1-Dimethyl-5,5-diindoliny! disulfide (5, 5- bis (1-methylindoly!) disulfide] (VD. A suspension of 
1.9 g of (11) in 100 mi of concentrated alkali was heated to boiling for 6 hours, and the oil which separated 
was extracted with ether, After evaporation of the ether, 1 g of disulfide (V1) was obtained, The material was 
purified for analysis by solution in dilute hydrochloric acid, subsequent precipitation with sodium bicarbonate, 
and recrystallization from acetone, The material was in the form of bright yellow crystals. M, p. 96.5-98". 


Found %: C 65.88; H 6.06. Calculated %: C 65.81; H 6.14. 


U, v. absorption spectra: A max = 268 mu; log €max =4.18; =312 mys log 19, Inasimilar | 


starting with 5-thiocyano-1-methylindole, was 1 disulfide (Ix). 
M, p. 101-102 (from heptane). 


5,5-Bisindolinyl disulfide (VIII), This compound was obtained in the form of an oil by refluxing 5-thio- 
cyanoindoline with concentrated alkali, Heating the disulfide with acetic anhydride gave the crystalline di- 
acetyl derivative (1,1-diacetyl-5,5-diindoliny! disulfide) (VII), M. p. 201-203° (from octane), 


Found %: C 62.56; H 5.20, CyHy0,NSz Calculated %: C 62,47; H 5.25. 


5-Benzoylmercapto-1- methylindoline (X). 5.1 g of (II) was dissolved in 100 ml of concentrated hydro- 
chloric acid, 10 g of metallic tin was added, and the mixture was heated on a boiling water bath, The reaction 
mixture at first turned red, and then decolorized gradually, Cooling of the reaction mixture caused a viscous 
oil to separate (apparently a tin complex of 5-mercapto-1- methylindoline). The oil was dissolved in acetone, 
precipitated with water, and extracted with chloroform. Benzene, benzoyl chloride, and aqueous alkali were 
’ added tothe viscous, reddish mass resulting from evaporation of the solvent, and the reaction mixture was 
. agitated for 30 minutes. The benzene layer was separated, washed with water, and the benzene was distilled 
under vacuum, 2.8 g (33%) of 5-benzoylmercapto-1-methylindoline was obtained, The material was in the | 
form of yellow crystals, M, p. 104-106.5° (from isooctane), The material was purified for analysis as follows: 
it was dissolved in dilute hydrochloric acid; the hydrochloric acid solution was filtered, washed with benzene, 


and neutralized with sodium bicarbonate; the precipitated crystals were recrystallized several times from iso- 
octane, M, p, 105.5-106.5°, 


Found%: C 171.43; H 5.63. CygHy;ONS, Calculated%: C 71,33; H 5.61. 
U, v. absorption spectrum of Amax = 239 mys log 4.065 Amax= 275 my; log €max =4.37. 


§-Benzoylmercapto-1-methylindole (XI), A solution of 1.8 g of (X) and 1.64 g of chloranil in xylene 
was refluxed for 15 minutes, and, after cooling, was washed successively with 20% alkali, water, dilute hydro- 
chloric acid, and water. After distillation of the.solvent under vacuum, an oily liquid was obtained, which 
crystallized upon the addition of heptane, 1,1 g (61%) of a dark, crystalline material was obtained, The 
material was easily purified by boiling in heptane solution with carbon, The material was in the form of 
colorless crystals, M. p. 118,5-119.5°, 


.Found%: C 11.72; H 5.14; N 5.06. CygHysONS. ‘Calculated %: C 11,86; H 4.905 N 5.25, 


U. v. absorption spectrum: Ammay = 237 mys log €max =4.703 Amax = 276 mys log = 4,03, 
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Ql ox DROGENATION OF n-PENTANE AND ISOPENTANE IN THE PRESENCE 
OF CHROME-ALUMINA-POTASSIA CATALYST 


Cortesponding Member AN SSSR N. 1. Shuikin, 


E, A. Timofeeva, and T. P, Dobrynina 


- 


We have previously shown that-a chrome-alumina-potassia catalyst of the composition Cr,03 + A1,05 + 
+ K,0 (5.6 :90.7:3.7 mole %) readily catalyzes the dehydrogenation of n- pentane and isopentane [1-3]. 


Indications of the use of a similar type of mixed catalysts for the dehydrogenation of lower alkanes are 
found in the. works of earlier authors (4, 5]. However, in a series of experiments we found: a) the most favor- 
able ratios of catalyst components and b) the conditions required for preliminary catalyst activation, 


The catalyst was first heated in a stream of air to the required temperature. After purging the air from . 
the catalyst with nitrogen, the catalyst was treated with hydrogen for 1.5 hours, Preliminary treatment of the 
catalyst with pentane or isopentane has the same activating effect. The amount of hydrocarbon required for 
this purpose depends on the conditions under which the experiment is to be carried out, the temperature and the 
space rate, Activation of the catalyst is complete when evolution of CO and CO, stops while hydrocarbon is 
being passed through the catalyst. Regeneration of the spent catalyst was carried out by heating in a stream of 
air at 680-700°, as a rule, for 5 hours, Reproducibility of the catalyst activity was good, Catalyst activity was 
maintained at a high level for over 200 hours by periodic regeneration. 


TABLE 1 


Product Distribution With Respect to Temperature (in mole percent of 
bydrocarbon fed). 


Alkenes | prene | Converted |converted 


é to “coke” | to gas 
carbon | 


The effect of temperature, space rate, and process cycle length on the dehydrogenation activity of — 
chrome-alumina-potassia catalyst was studied in the present work, In all experiments, the amount of catalyst 
was 30 ml and the inside diameter of the catalyst tube was 18 mm, The dimensions of the catalyst grains were 
approximately 3+3°3 mm, After each regeneration and before the next experiment, the catalyst was treated 
with hydrogen for 1.5 hours. The hydrocarbons were automatically fed by means of a syringe buret, The tem- 
perature was measured with a thermocouple located in the catalyst bed, The receiver was cooled with solid 


| | Balance. 

500 61 32 2 99 

; | 527 | 48 | 38 | i 10 5 102 | 
550 3 642 13 10 101 

Isopentane 

, 500 55 39 2 2 2 100 
527 | 42 46 | 2 3 99 

32 ot 9 6 99 


carbon dioxide. 10 mil of hydrocarbon was used in each experiment, The olefin contents of the cataly 


were determined by a bromometric method (6, 7], and the isoprene contents were determined gravimetiically 
by reaction with maleic anhydride, 


TABLE 2 Effect of temperature, The experiments were 


carried out at 450-575° and a space rate of 0.5 hours~4, 
The process period was one The catalyzate and 
gas were collected during the last 43-44 minutes, Table 1 
Space Yield, mole % of presents the results of experiments carried out at tem- | 
Temp. | rate,  jhydrocarbon fed . peratures such that equilibrium yields of — and 
hours sopentenes were obtained, 
pentenes | isopentenes 
; Effect of space rate. The results, presented in 
: Table 2, show that at space rates in the range of 0.3 to 
500 1.1 hours ~!, the yields of pentenes and isopentenes de- 
11 19 7 pend on the temperature, it being lower the more marked 
§27 0,3 38° aoe this affect. Thus, a change in space rate from 0.5 to 
‘1.1 hours ~! at 500° led to a decrease in isopentene yield 
14 30 42 from 38 to 27% and a decrease in pentene yield from 31 
550 0,3 40 4h to 19%, The same change in space rate at 527° led to a 
0,5 44 46 decrease in isopentene yield from 45 to 42% and a de- 
ie 39 = crease in pentene yield from 39 to 30%, An tacsoase in 
575 0,3 i 35 space rate within the range of 0.3 to 1.1 hours? at 550 
rie ~ : and 575° had practically no effect on pentene and iso- 


pentene yields, The isoprene yield was almost independent 
of space rate, and varied from 1-26 3 at 500° to 5-6% at 
550°. 


Effect of process cycle length without regeneration, The dehydrogenation of isopentane at 500, 527, and 

550° and a space rate of 1.1 hours"! was investigated in this series of experiments, At each of these temperatures, 
28 experiments were carried out without catalyst regeneration, It was shown that the higher the temperature, _ 
the more rapidly the catalyst activity decreases with time, as can be seen from Fig, 1. The isopentene content 
of catalyzates obtained at 18 minutes of process cycle increased with an increase in temperature from 25 weight 
of the isopentene fed at 500° to 45 wt. % at 550°, However, the isopentene yield after a process period of 3 
hours and 18 minutes was somewhat higher at 527° than at 550°, namely, 39.6 against 37.1%, The isopentene 
yield in catalyzates obtained after a process period of 8 hours and 24 minutes at 527° (30%) was also higher than 
at 550° (26%), Thus, at 550°, it is expedient to carry out the reaction in short cycles, not more than 1 hour, and 
at high space rates. This requires frequent regeneration of the catalyst. At 527°, the dehydrogenation of iso- 

 pentene can be carried out in longer cycles, longer than 3 hours, Carrying out the reaction at 500° is apparently 


less expedient owing to the comparatively low isopentene —_ at the start of the period. However, the process 
period can be longer at this temperature, 


& 


pentane fed 


18 min 18 min 8 hr: min 
7 Length of process cycle 


Yield of isopentenes 
in mole % of iso- 


Fig. 1. Variation in isopentene yield with — of the process cycle 
at various 


By way. of eneye. we cite the basic data obtained when the process was carried out at 527°, a space 
rate of 1.1 hours”? , anda process period length of 3 ecu and 18 minutes, Under these conditions, the catalyzate. 


. . . 
500° 
° 


contained 44 wt.% isopentenes and 2.6 wt.% isoprene, Recalculated on the basis of the isopentene fed, these 
values are 40 and 2%, respectively, and on the basis of the isopentene consumed, they become 78 and 5%, te- 
_ spectively. The productivity of the — with respect to lsopentenes was 274 g/liter-hour and with respect - 
to isoprene, 16 g/liter-hour. 
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ON THE STRUCTURE OF THE PRODUCTS OF THE REACTION OF dsatenie 
a-HALOKETONES OF THE CARBOCYCLIC SERIES WITH 
TRIETHYL PHOSPHITE AND WITH SODIUM DIETHYL PHOSPHITE 


Academician B, A, Arbuzov, V. S. Vinogradova, 


and N, A, Polezhaeva 


Over the past few years, we have undertaken the study of esters of 8-ketophosphonic acids [1]. The 
‘original aim of the investigation was to detect the presence of keto-enol tautomerism in esters of 8 -keto- 
phosphonic acids, 


It was found, however, that the A. E. Arbuzov reatrangement involving triethyl phosphite and a-halo- 
ketones, which was used to prepare the 8-ketophosphonic acid esters, proceeds in a complex manner, and that 
along with the expected 6- ketophosphonic acid esters, mixed esters of phosphoric acid were obtained [2]; this 
complicated the investigation of the 8-ketophosphonic acid esters, and it also ‘explained certain deviations . 
which we had observed in the chemical and physical properties of the B-ketophosphonic acid esters [3]. 


Our investigations showed that in the case of the reaction of sodium diethyl] phosphite with a-haloketones, 
the Michaelis-Becker reaction also proceeds in a complex manner and leads to the formation of esters of epoxy- 
phosphonic acids [4] along with the esters of 6- ketophosphonic acids, 


In the present communication, we present data obtained by us on the structures of the paras of the 
interaction of triethyl phosphite or of sodium diethyl phosphite with o-chlorocyclohexanone, ome 
methylcyclohexanone, and an ester of pyroracemic acid, 


In 1955, A, N, Pudovik [5] showed that the product of the action of triethylphosphite on -chlorocyclo- 
hexanone is a mixed ester of phosphoric acid (I) containing an ester radical having the form of the enol form 


of cyclohexanone, On transesterification with — alcohol, this ester gave triethyl phosphate and cyclo- 
hexanone, 


oO . 
(OC,H;)3 —> C,H,OH + = O 


To the product of the interaction of dealin with diethyl sodium phosphite he sae 
the structure of the diethyl ester of a-phosphonocyclohexanone, We carried out an investigation of the products 
of the interaction of a-bromocyclohexanone with triethyl phosphite, and it was shown that in this case the pro- 

duct is the mixed ester of phosphoric acid (1), and this was confirmed both by chemical evidence and by Raman 
spectra, 


The study of the product of the interaction of a- edecccycihaxseigl with diethy! sodium phosphite showed 
that it is neither an unsaturated ester of phosphoric acid nor an ester of phosphonocyclohexanone. On trans- 
esterification with ethyl alcohol, it was recovered unchanged, It did not give a dinitrophenylhydrazone with 
2,4-dinitrophenylhydrazine, Its Raman spectrum did not contain the carbonyl group frequency, All of these 
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data indicated that this product has the structure of the diethy! ester of epoxycyclohexanephosphonic acid (11), 
| ‘This proposed structure was confirmed by synthesizing ester (II) according to the following scheme [4]: 


OH KOH 
“Cl. in alcohol 


The ssiaienchtahianaiaidist acid ester had the following constants: b, p. 112-114°/2,5 mm, n™p 1.4571, 
d™, 1.1193, MRp 57.01; these are close to the values of the constants of the product obtained from the 
Michaelis-Bécker reaction, The Raman spectra of the two products were in complete agreement, 


Thus, as in the case of aliphatic a-haloketones [4], the product of the action of diethyl sodium phosphite 


on a-chlorocyclohexanone was shown to be an ester of epoxycyclohexanephosphonic acid, and not aa a- phos- 
phonocyclohexanone. 


It developed, somewhat unexpectedly, that in the case of a- chloro- a-methylcyclohexanone, the products 


- of the reactions with triethy! phosphite and with diethyl sodium phosphite had closely similar constants and 
Raman spectra, 


On transesterification with ethyl alcohol, both preparations gave triethyl phosphate and Pa 
hexanone, and were thus shown to be the methylcyclohexeny! diethy! ester of phosphoric acid (Ii); thus, in this 
case the Arbuzov teartangement and the Michaelis-Becker reaction lead to the same unsaturated ester of phos- 
phoric acid. 


tis interesting to note that, as we: have shown in another case— the case of methyl-c- bromoisopropy!- 
ketone [3- bromo-3- methyl- 2-butanone} where there is a halogen:at the tertiary carbon— the rearrangement 
and the Michaelis-Becker reaction lead to the same product— an unsaturated ester of a phosphonic acid (iv)— 


as was shown by transesterification with ethyl alcohol, which gave methy! isopropyl ketone and triethy] phos- 
phate, and by the Raman spectra, 


8 
rd 
6 


The product previously obtained by us by the interaction of a-chlorocyclopentanone with diethy! sodium aie 
phite, as further investigation showed, was an ester of epoxycyclopentanephosphonic acid (V), It did not give 
a 2,4-dinitrophenylhydrazone, nor did it undergo transesterification with ethyl alcohol, The Raman spectrum 
did not contain the frequencies associated with the carbony! group or the C=C bond, 


: An additional study of the product of the action of diethy! sodium phosphite on a-bromocamphor showed 
that it is a mixed unsaturated ester of phosphoric acid (VI), On transesterification with ~~ alcohol, it gave 
camphor and triethyl] phosphate, 


The product previously obtained by us by the action of of état pa phosphite on uiidinnaiiiiae 
— ester proved to be an unsaturated ester of paaepliodic acid (vin). 


—cooc 


vi vi. 


The material presented in the present communication shows the complex course of the reaction between 
haloketones and diethyl sodium phosphite, which leads to the formation of unsaturated esters of phosphoric acid, 
esters of epoxyphosphonic acids, and, in some cases, esters of 8-ketophosphonic acids [4] depending on the 
nature of the halide, the reaction conditions, and the alkyl radical substituents, 
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INVESTIGATION OF THE GRAFT COPOLYMERIZATION OF 
VINYL CHLORIDE WITH DERIVATIVES OF THE 
METHACRYLIC SERIES 


A. A. Berlin, L, V. Stupen’, B, I, Fedoseeva, and D, M. Ianovskii 


(Presented by Academician N. N, Semenov, April 3, 1958) 


During the polymerization of a monomer in the presence of polymeric substances, the latter are subjected 
to the action of radicals which may be the growing chains or which may derive from the initiator. During this 
process, as a result of chain transfer, active centers can arise on the macromolecules, and these centers can 
initiate polymerization of the monomer, which results in the formation of high- molecular-weight compounds 
of branched or three- dimensional structure. If the chemical nature of the side branching differs from that of 
the main chain, then graft copolymers are formed which combine the properties of the polymers involved. 


The synthesis of graft copolymers by the reaction of polymers with monomers has been sprees and 
has attained technical significance since 1946- 1947 (1, 2). 


In more recent papers, methods have been described for graft copolymerization based on the use of 


ionizing radiation and the reaction of functional groups of the macromolecules with monomeric or polymeric 
substances [3-6]. 


Below are presented experimental data obtained during the synthesis and 5 Dnata of graft copolymers 
prepared by polymerization of vinyl chloride in a latex of a butyl methacrylate— methacrylic acid copolymer 


(BMR) and also of graft copolymers prepared by polymerizing a mixture of butyl methacrylate and methacrylic 
acid in a latex of polyvinyl chloride (PVC), ) 


TABLE 1 


Polymer analysis 


Polymer tn] 


Graft of VC on BMR 
| 0.820 0.441 

Control PVC 0.402 0.331 
Control BMR-5 1.0.90 0.159 
Mechanical mixture 
PVC +BMR-5 (1:2) 0.69 0.165 


The polymerization of vinyl chloride in a BMR latex was carried out in an autoclave, in the presence of 
ammonium persulfate, at a temperature of 45-60°, and at various reagent ratios, CCl, and CHI; were used as 
modifiers. The resulting copolymers were reprecipitated three times from cyclohexane solution using methyl 


alcohol as the precipitant; they were then extracted with acetone to remove the unreacted BMR, and were 


dried to constant weight. The combined chlorine, the degree of interaction of the monomer with the polymer — 
{f_), the intrinsic viscosity, and Huggins’ constant of the copolymers were determined, ‘ Turbidimetric titration 
was carried out on the copolymer solution in order to prove that graft copolymer had been formed [7]. 


0.668 
585 


Similar determinations were carried out on the BMR, PVC, and the mechanical mixture of these polymers. 


As seen from Table 1, Huggins’ constant was higher for the graft copolymers than for the linear, ‘control 
polymers, which indicates oe arising through the formation of side chains, Huggins’ constant for the 


& 


f 
d, 


Amount o 
cipitate 


Amt, of precipitant in ml | 
per 100 ml of solution 


Fig. 1. Tusbidimetric titration of solutions of 
- polymers in a dimethylformamide— acetone 
mixture with methyl alcohol containing 5% 
water: 1) Graft copolymer of vinyl chloride 
(38.4%) on BMR-5 (61.6%); 2) mechanical 
mixture of PVC (33.2%) + BMR-5 (66.8%). 
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Fig. 2, Thermomechanical properties of the 
BMR-PVC graft copolymer as compared to 
those of a mixture of the polymers and of 

the individual polymers. 1) Copolymer of 
BMR (95 parts by wt.) and methacrylic acid 
(5 parts by wt.); 2) polyvinyl chloride (PVQ; 
$) mixture of BMK +PVC (1:1); 4) BMR—- 
PVC graft copolymer (1:1). 


mixture of PVC and BMR lay between the values of this 
constant fot the individual polymers, and was almost 
additive. 


The coefficient f, wistch expressed the degree of 
interaction of the monomer with the polymer, shows that 
more than 60% of the monomer reacted with the polymer, © 


The turbidimetric titration was carried out by 


placing a solution of the polymer in dioxane or a mixture 


of dimethylformamide and acetone (C =0.005%) ina 
T-shaped cell and back-titrating with a mixture of iso- 
propyl alcohol and water (3:1). or methanol and water 
(19 :1) while automatically feeding the precipitant at a 
constant rate of 3.33 ml/minute, The optical system of 
an FNK-51 nephelometer and EPP-09 recording potentio- 
meter were used to measure the turbidity. 


As seen from Fig. 1, separate precipitation occurred 
during the titration of the mixture of polymers, while the 
curve for the precipitation of the sample obtained by 
polymerization of vinyl chloride in BMR latex indicates 
the presence of graft copolymer. 


Investigation of the effect of monomer- polymer 
ratio, of the polymerization modifier, and of the tem- 
perature on the yield and properties of the graft copoly- 
mers showed that an inctease in the amount of vinyl 
chloride in the mixture of components leads to an in- 
crease in the coefficient f , which expresses the degree 
of incorporation of monomer, and in the yield of graft 
copolymer (see Table 2). 


The addition of a modifier (CCl, Cur) sharply 
decreased the yield of graft copolymer, obviously by in- 
activation of part of the macroradicals, 


An investigation of the thermomechanical properties’ 
with a V, A, Kargin apparatus showed that the graft co- 
polymers, in contrast to the mixture of homopolymers of 
the same composition, went into the viscous- flow state 


at a significantly higher temperature (Ts = 190 instead of 


135°), but there was little difference in Tg (see Fig. 2). 


A change in the VC :BMR ratio in the graft co- 
polymers from 1:1 to 4:1 sharply increased T, (from 
50 to 80°) and decreased Ty (from 190 to 155%, 


Along with the investigation of the graft copolymers with a BMR main chain and PVC side nrume co- 
polymess with the reverse order of grafting were synthesized, 


For this purpose, a mixture of butyl methacrylate (95 parts by weight) and methacrylic acid (5 parts by 
weight) was added to a polyviny! chloride latex at a PVC :BMR ratio of 1:12, After the monomers had been 
emulsified in the PVC latex for four hours at 60°, the initiator (0. 5% (NH,):5,0,) was introduced, and poly- 
merization was carried to practically complete conversion of the monomers, The resulting product was purified 


and investigated in the same manner as the BMR— PVC graft copolymers. 
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In the case of BMR gralted to PVC, there was a 7- to 8-fold inctease in the bound chlorine in the fraction 


going into solution during a 50-hour extraction with acetone or with an azeotropic mixture of the composition 
chloroform (47%) — acetone: (30%) methanol (23%), 


TABLE 2 


Initial Copolymer analysis 
VC-BMR ratio, iia: after extraction 
wt. te | % | | | Te | 
4:1 | 23,4 | 0.70 | 71,0 | 26,2 | 1,16 |9,650| 50 190 
2:1 34,5 | 0,57 | 74,1 | | :0,92 |0,705| 75 170 
4:1 39,8 | 0.63 | 82,0] 4',2 | 0,67 |0,753] 80 155 
4:1° 23,9 | 0,45 | 52,8 | 28,4] —. ]0,455] 58 160 
. 4:14 44,8 | 0,31 | 46,7 | 48,7 | 0,37 [0,515] 63 140 
Pvc 56,0}0,25| — 70 140 
PVC + BMR **| 27,5 | 0,40 9 | 46,510,443) — 57 135 


* Prepared in the presence of CCl, (10 wt. % of the monomer), 
** Mechanical mixture of PVC +BMR-5=1:1, 


Such an increase in solubility was apparently due to the formation of more readily solvating BMR side 
"chains on the macromolecules of the low- molecular- fraction ot PVC, 


xf d 
Amt, of precipitant in ml : 
per 100 ml of solution - Fig. 4. Thermomechanical properties of graft 
Ran copolymers of BMR and PVC with both the direct 
Fig. 3. Turbidimetric titration of solutions of and reverse order of grafting. 1) Graft of BMR 
polymers in dioxane with a mixture of isopropyl _ on PVC (1:1); 2) graft of PVC on BMR (1:1) 


alcohol and water, 1) PVC- BMR graft co- 

polymer; 2) PVC; 3) BMR~PVC graft co- In Fig. 3 are presented the titration curves for 

polymer; 4) BMR, solutions of “direct” (BMR— PVC) and reverse (pvc- 
—BMR) gtaft copolymers, 


The points for the initiation a precipitation for the “direct” and “reverse” graft copolymers are very Close 
together and lie between the points of initial precipitation for the homopolymers, 


Figure 4 indicates a sharp difference in the thermomechanical properties of the sigue prepared by 
direct and reverse grafting at practically identical component ratios and values of f . Grafting of BMR on PVC 
gave products with a higher T,, and a lower Tr than for the polymer prepared by the reverse order of grafting. | 
Thus, a comparison of the thermomechanical properties of the “direct” and “reverse” graft copolymers leads to 

_ the conclusion that under otherwise equivalent conditions, the nature of the main chain has the greatest effect 


on glass temperature, while the side chains responsible for the spatial structure have the predominant effect on 
the temperature interval of viscous flow, _ 


An increase in the length of the side chains increases their effect on T, of the copolymer (see Table 2), 
since in this case the flexibility of the main chain —— toa _— extent on the flexibility and inter 
molecular interaction of the side chains, 


It should also be noted that the nature of the ennieniiienien curves for the graft copolymers differs 
from the nature of the analogous curves for the mixture of homopolymers by the presence of two plateaus (see 
curves of Figs, 2 and 4), 


The BMR~ PVC graft copolymers are of great practical interest, since they combine the intrinsic high 
adhesion and light stability of BMR with the high abrasion resistance, resistance to water, gasoline and oil, 
chemical resistance, and ey of polyviny! chloride, 
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ALKYLATION OF PHENOL WITH ACETYLENE AT ELEVATED PRESSURE 


v. L. Vaiser and V. D, Riabov 


(Presented by Academician A, V, Topchiev, March 22, 1958) 


In ptevious work [1-5], we carried out for the first time a detailed study of the alkylation of phenol with 
acetylene at atmospheric pressure. Water and ethyl alcohol were used as the solvents for the phenol (2); it was 
shown that the reaction proceeds more selectively with water as the solvent, It was found [3] that in aqueous 
medium, the reaction of acetylene with phenol proceeds through an intermediate stage in which acetaldehyde 
is formed, The yield of 1,1-(4,4"-dihydroxy)diphenylethane from this reaction does not exceed 50% of that 
‘calculated from the stoichiometry: 


CHy 


In cline to determine the effect of pressure and to establish the — conditions for alkylation under 
pressure, experiments were carried out in a rotating autoclave, 


Carrying out the reaction at an elevated pressure has the following advantages: the acetylene concentra- 
_ tion in the gas phase is many times greater than at atmospheric pressure; the concentration of acetylene in the 
; liquid phase is increased owing to the increased solubility of the acetylene; acetylene losses are negligible, . 


The essential disadvantage of carrying out the reactionin a rotating autoclave is that it is impossible to 
- Maintain the pressure at a specific level, . 


Conditions and methods for the use of acetylene under pressure were first studied by A. LE eiveiiey and 
M, F, Shostakovskii [6] in connection with vinylation reactions and by A, D, Petrov and L, I, Antsus [7] in 
connection with the hydropolymerization of acetylene; there are a number of patents describing the synthesis 
of vinyl ethers of high- molecular-weight products under acetylene pressure, the acetylene being diluted with 
nitrogen for safety. 


But, as was originally shown by the work of Soviet investigators, safety during the course of the reaction 
can be provided without having recourse to special dilution of the acetylene; dilution of the acetylene is pro- 
vided during the course of the reaction by the vapors of the materials in the reaction mixture, The advantage 
of this method is the absence of a nitrogen charge aul the resulting high teaction rate owing to the higher con- 
centration of acetylene in the reaction zone. 


The method was successfully used in our work, All experiments were carried out in a rotating, stainless 
steel autoclave having a volume of 250 cc, The temperature inside the autoclave was measured with an iron- 
constantan thermocouple and a millivoltmeter. The rate of rotation of the autoclave and the temperature were 
. Regulated by rheostats, 


A mixture of phenol, solvent, and HsPO,-BFs and HgO as a catalyst, was charged in the autoclave, The 
autoclave was then purged with cylinder acetylene to remove the air, After the purging, it was charged with 
acetylene to a pressure of 20 atm, and rotation was started, Simultaneously, the electric heater was switched 
on, Since the acetylene was absorbed at a high rate, there was a considerable drop in pressure in the autoclave 
while the required temperature was being reached, 


Therefore, in succeeding experiments the istiaitiiie temperature was first attained, and then the acetylene 
was 


At the conclusion of the reaction, the temperature was held at about 70° in —_ to reduce the viscosity 
of the reaction products and facilitate their discharge from the autoclave, 


The reaction products were separated from the aqueous layer a and cooled, “The goncipionni sii were 
filtered on a vacuum filter, washed with cold water to remove the phenol, dried, and weighed, Inall cases, 
the melting point of the crystals after ‘Tecrystallization from water was 120-122, A mixture of the crystals with 
pure 1,1-(4,4"-dihydroxy) diphenylethane showed no depression of the melting point, 
Atm. 
* atm. 
D 


6 


At INI ESS 
7 m. 


Fig. 1. Variation in nn absorption rate with temperature (A) 
and with the amount of catalyst @). 


The optimum conditions for the reaction were determined from the yield of crystal and the acetylene 
absorption rate, 


Experiments to study the effect of temperature were carried out in n aqueous solution in four temperature 
intervals: 18-20°, 70-80°, 90-100°, and 110-120°, 


The reaction time (66 minutes) and the ratio of reaction components remained constant in all cases, A 


mixture of 50 g of phenol, 50 ml of distilled water, 2 g of HgO, and 20 ml of HsPQ4- BFs was allowed to stand fora 
day, stirred vigorously, and was then used in the reaction, . 


The reaction rate was estimated from the acetylene absorption rate, which was determined eae the 
change in Pressure with time (atm./minute), 


TABLE 1 


Expt. | Temp. | Initial coange. | Final Yield 


atm. i 2 i atm. g g in 
min|minkmin niin| min ca 


merce 0,5 18 
70—80 5 


7,013,5/3,514,5| — 


* The amount of acetylene absorbed was calculated by means of the modified 
Mendeleev-Clapeyron equation taking into account the compressibility factor, 


The variation in acetylene absorption rate with temperature is shown in Fig. 1,8 and Table 1, It is seen 
from Fig. 1, a that the maximum acetylene absorption rate occurred in the temperature sanceyel 110-112° and 


| 

8 
3 

4 |410—-120] 20 2,5 | 2,05 | 11 | 65,0 

$90 


the minimum was at 18-20°, The maximum reaction rate occurred at a pressure of 20-16 atm, The higher 
the temperature, the lower was the pressure corresponding to the minimum absorption rate, 


From the results of the experiments, it is seen that the optimum reaction conditions are a temperature of 
- 110-120° and a pressure of 20-16 atm, 


_ The effect of the amount of catalyst was studied at 110-120°, Treatment of the reaction products was as 
before, In Table 2 are presented the experimental results characterizing the dependence of the yield of 1,1- 
(4,4°-dihydroxy) diphenylethane on the amount of catalyst. 


TABLE 2 


Expt. |Catalyst*| Initial m) in Final [Acetylen¢ 
No. pressure, intervals . pressure, ; 
min |min g__ltheoretical 
7 | 27,2- 2 | 7,0 2,5 | 2,06 | 40,4] 61,2. 
8 15,1 20 6,5 |5,0/2,0/0,5) 3,0 2,16 9,5 | 53,2 
9 8,3 20 8,0 6,0 2,5}0,5| 3,0 2,28 8,7 | 48,0 


* The amount of mercuric oxide was held constant at 2 g. 


It is seen from Table 2 that the yield decreases slightly with a decrease in the amount of catalyst, The 
yield decreased by 8.5% with a decrease in the amount of catalyst from 27.2 to 15.1%, 


The dependence of the acetylene absorption. rate on the amount of catalyit is shown in Fig. 1, b. The 
rate of acetylene absorption was approximately the same in all cases, 


Asshown by the experiments at a temperature of 110-120°, the catalyst solution acquires a bright green 
color and becomes transparent during the course of the reaction (the mercuric oxide dissolved completely; 
mercury precipitates were not observed). 


TABLE 


Origin of initial [Pressure change, Ap| Final Acetylene 
go catalyst pressure, atm) in the ii pressure,| absorbed] Yield 
: intervals 
solution atm. 2 atm. g 
min minimin: min theoretical 


10|FromExpt.No.8| 20 | 4,0/2,5]0,3] 0,5 12 | 0,99 | 5] 62 
44 |FromExpt.No.10| 20 |7,5/6,8|2,7] .— 2,5 | 2,06 |41| 65 
42|FromExpt.No.11] 20 |7,0|6,0|3,0] — 3,5 2,02 | 7} 60 


On long standing and heating of the solution, the color and transparency did not change, Several experi- 
ments were carried out at a temperature of 110~120° for the purpose of studying the catalytic activity of this 
solution, 50 g of phenol was added to 70 cc of a solution of used catalyst (from Experiment No, 8), The mix- 
ture was placed in the autoclave, where the reaction was carried out for a period of 1,1 hours, After appropriate 
_ treatment of the reaction products, 5 g of crystals were isolated, Ina succeeding experiment, 70 cc of used 
catalyst solution was also used, but 2 g of mercuric oxide was added, 11 g of crystals was obtained in this 


experiment, Another 2g of mercuric oxide was added to this catalyst — and 7 8 ‘of crystals was obtained, 
_ The results are presented in Table 3. 


It is seen from Table 3 that the once-used catalyst has asian half the activity of fresh catalyst 
(judging the activity of the catalyst from the amount of acetylene absorbed per unit time); however, the yield 


(in percent of theoretical) based on reacted acetylene remained high, which indicates that side reactions did 
" Mot occur to any great extent, 


The addition of mercuric oxide to the used catalyst solution reduced its activity, Subsequent use of the 
catalyst solution with added mercuric oxide leads to a gradual decrease in activity. 
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_ INFRARED ABSORPTION SPECTRA OF HYDROXYBENZYLAMINES 


L. A. Igonin. and S, I. Bass 


(Presented by Academician V, A, Kargin, April 3, 1958) 


According to work carried out by a number of investigators [1] using as models mono- and disubstituted 
phenols, hydroxybenzylamines are formed as intermediate reaction products during the curing of phenol- 
formaldehyde resins with hexamethylenetetramine. Hydroxybenzylamines are polynuclear compounds, the 
phenol nvclei of which are connected by dimethyleneamine (— CH,— NH— CH3~—) and trimethyleneamine 


- (N(CH,—)s) bridges, It is assumed that these bridges are converted under the effect of thermal excitation into 
methylene and azomethine bridges during the curing process, ° 


Fig. 1. Infrared absorption spectra of: 


Confirmation of the above-indicated concepts by means of infrared spectroscopy is of considerable interest. 
In spite of the fact that infrared spectroscopy is one of the few methods which can be used for the structural in- 
vestigation of the infusible and insoluble cure products, very little work devoted to this problem has been pub- 
lished, Work has been published on the study of the absorption spectra of a number of substituted phenols and 
certain Novolak and resol resins, However, no work has appeared which is related to the cure processes of 
phenol- formaldehyde resins under the influence of hexamethylenetetramine, 


ic7\— CH, —N—CH, \cH,, 


Fig. 2, Infrared absorption spectra of esate hydroxy- 
benzylamines: 


OH f Ou 
CH,— NH — IcH,— NH — 


oH fT OH 
b- CH,— NH — CH,—7\ 


| 


— NH — 


The present communication reports the results of an investigation of the absorption spectra in the infrared 
region of certain hydroxybenzylamines prepared by the interaction of phenol and its mononuclear derivatives 
with hexamethyleneaminetetramine, In Fig. 1 are presented the absorption spectra of two model substances: 
2,2'- dihydroxy-3,5,3' ,5'- ~tetramethyldibenzylamine (1) and the corresponding (I): 


These Products were prepared from 2,4-xylenol by the method described in (3). 


On the basis of the available literature data [2], it is possible to identify some of the more intense bands 
in the absorption spectra of these compounds, Thus, the absorption band in the region of 11.6u, which is pres- 
ent in the spectra of both compounds, must be identified with the tetrasubstituted benzene structure, The in- 
tense band in the region of 8.3y is usually assigned toO-H deformation vibrations, Besides these bands, the 
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tather intense bands which we observed in the region of 11.8 and 11.92, are of great interest, The first of 
these is present in the spectrum of dibenzylamine, while the second is found in the spectrum of tribenzylamine, 
both bands being located close to the intense band characteristic of the tetrasubstituted benzene structure, 


Fig. 3. Infrared absorption spectra of high- molecular- weight 


CH, — NH — CH, - NH — 


(CH, ol Naw, 


The absorption spectra of polynuclear hydroxybenzylamines are presented in Fig. 2, These hydroxybenzyl- 

amines were prepared by heating to 140-160° a carefully ground mixture of the appropriate phenol with hexa- _ 
methylenetetramine; they are comparatively low- molecular-weight compounds [4]. Besides the absorption 

_ bands indicated above, which are associated with tetrasubstituted benzené and with the hydroxyl group, intense . 
bands in the region of 12,2u are present in the spectra of the polynuclear hydroxybenzylamines; these bands are 
associated with a trisubstituted benzene ring, the terminal groups of the hydroxybenzylamines, In the spectra 
of all of the hydroxybenzylamines prepared from phenol and its p- substituted derivatives there is present an 
absorption band in the region of 11.84, corresponding to a dimethyleneamine bridge, — CH,~ NH~- CH;-, 
while in the spectrum of the polymer prepared from o-chlorophenol there is an absorption band in the region of 
11.92y , corresponding to a trimethyleneamine bridge, N(CH,—)g. These results.are in agreement with the data 
of a number of authors [1], according to which p-substituted phenols react with hexamethylene tetramine with 
the formation primarily of dibenzylamines, while o- substituted phenols form primarily tribenzylamines, 


‘Figure 3 presents the absorption spectra of high- molecular-weight hydroxybenzylamines prepared by the 
interaction of phenols with hexamethylenetetramine in solution in biphenyl; these spectra are basically repeti- 
tions of the absorption spectra of polynuclear hydroxybenzylamines presented in Fig. 2, In the absorption spectra — 
of the polyhydroxybenzylamines, the bands in the 12.2 region, which ate associated with the terrainal groups, 


are considerably weakened; however, they have not completely Gisappentes, -_ this is apparently due to the 
considerable degree of branching of these polymers. 


We see that the absorption bands characteristic of dimethyleneamine and trimethyleneamine setiigen also 
appear in the absorption spectra of the polyhydroxybenzylamines; these spectra are presented in Fig. 3. 


Thus, the absorption bands in the 11.84 » and 11.92 p regions of the spectra of the model hydroxybenzyl- 
amines, due to the preserice of dimethyleneamine and trimethyleneamine bridges, ate also present in the spectra 
of polynuclear hydroxybenzylamines and polyhydroxybenzylamines, Thete arises the possibility of using these 
characteristic absorption bands in structural investigations of curing processes of phenol- formaldehyde resins, in 

. those Cases where curing proceeds re a stage in which hydroxybensylamines are formed, 


LITERATURE CITED. 


(1) R, W. Martin, The Chemistry of Phenolic Resins (New York, 1956). 


E, Richards and H, W. Thompson, J. Chem. Soc, (1947), p. 1260; WwW, Thompson and P, 
Torkington, Trans, Farad. Soc, 41, 246 (1945). 


(3) K. Hultzsch, Chem, Ber. 82, 16 (1949). ; 
[4] A. Zinke, G. Zigeuner, G. Weiss, and W. Leupold-Lowenthal, Monatsh. Chem, 81, 1098 (1950). 


Plastics Scientific Research Institute ; Received February 11, 1958 


. 


ON THE ACTION OF AMINES AND AMMONIA ON 
ISOAMYLBORON DICHLORIDE 


M. Mikhailov and T, K, Kozminskaia 


(Presented by Academician B, A, Arbuzov, April 4, 1958) 


. A study of the reaction between phenylboron dichloride and amines has shown that the course of the 

reaction is determined by the nature of the amine, The action of ethylamine on phenylboron dichloride gives 
phenylbis (ethylamino) boron and B-triphényl-N-triethylborazole; with aniline, phenylboron dichloride gives 
only phenylbis(phenylamino) boron [1], while the action of ammonia smoothly converts the dichloride to B- 
triphenylborazole (2). 


It appeared to be of interest to inal the behavior of alkylboron dichlorides with respect to the action of 
amines and ammonia. The specific compound selected for study in the investigation was isoamylboron dichloride, 
which was prepared by a previously described method comprising the action of phosphorus pentachloride on esters — 
of alkylboric acids [alkaneboronic acids (3). 


Isoamylboron dichloride was converted by the action of ethylamine to isoamylbis (ethylamino)boron [ w, 
R = C,H] and B-triisoamyl-N-triethylborazole [ (11), R=C,H;]. The reaction with isobutylamine proceeded 
analogously yielding isoamylbis (isobutylamino)boron [ (1), R = i-C,Hg] and B- triisoamy!- N-isobutylborazole 
R= i-C Hg]. The course of the reaction may be as follows: 


B 
i + i HR), + mf 
BCI, RNH, -C,H,,B(NHR), + RNH, HCI 

R 

Cath 


In the first stage of the process, there is evidently formed the alkyl (alkylamino) boron chloride (111), which 
then both reacts with another molecule of the amine with the formation of (1), and also condenses to the borazole 


i 


i -C,H,,8C1,+ Rutt, —~i BO 
NHR 
om 


| "Substituted allylbis iaeustiaitoninas were previously obtained by one of us and T, A, Shchegoleva by the 
action of amines on esters of alkylchloroboric acids [alkaneboronic acid chlorides] (4). The borazoles obtained 
in this work are the first representatives of unsymmetrical hexaalkylborazoles, ones 


The action of aniline on isoamylboron dichloride gave isoamylbis (phenylamino)boron (IV), 


(wv) 


At 300-360°, the latter was corverted in good yield to B-triisoamy1-N- phenylborazole (V), which is a representa- 
tive of the previously unknown B-trialkyl-N-triarylborazoles, © 


i-CAy 
The reaction between isoamylboron dichloride and diethylamine proceeded with the formation of iso- 
amybis(diethylamino)boron WD. 


BCI, + Hy), + HCI 


In passing ammonia through an ether solution of isoamylboron dichloride, B-triisoamy] borazole (VII) is 
formed. 


of + 9NH, 


B-trialkyl compounds of borazole have been previously prepared by heating alkyldiboranes and trialkyl- 
borons with ammonia at 200-330° [5]. Booth and Kraus [6] reported that they obtained butylboronimine, probably 
in the form of a polymer, by the action of sodium in — ammonia on n-butylboron dichloride, 

EXPERIMENTAL 


All operations were carried out in a nitrogen atmosphere, 


1. Esters of Isoamylboric Acid 


Esters of isoamylboric acid [3- methyl-1- butaneboronic acid] have been peepared by Snyder et al, [7] by 
the action of isoamylmagnesium chloride on trimethyl] borateswith subsequent esterification of the eee ware 
acid with the appropriate alcohols. 


The isobutyl ester of isoamylboric acid was obtained in a yield of 50% of theoretical, B. p. 105-106*/ 
/12,.2 mm, 0.8167; np 1.4156, 


Found%: C 68,43, 68.54; H 12.69, 12.55; B 4.67, 4.74, Calculated %: C 68.42; 
H 12,79; B 4.74, 


The cyclohexyl ester eat isoamylboric acid was obtained ina yield of 40% of theoretical. B, p. 146. 5 to 
147 (5.5 mm), 4%, 0.9137; 1.4600. 


Found %: C 173,01, 12,94; H 11,99, 11.86; B 3.64, 9,44, C 172,91; 
H 11.79; B 3.86, 


2. Isoamylboron Dichloride 


187.5 g (0.9 mole) of phosphorus pentachloride was added gradually over a period of 3 hours and with 
stirring to 102.7 g (0.45 mole) of the isobutyl ester of isoamylboric acid, The first half of the chloride reacted 


ve 
i-CyHy 
7N 
NH ; 
| + 6NH,CI 
H ( ) 
. 


exothermicaliy, but the reaction mixture was heated during the addition of the second half, At the conclusion 
of the PCl, addition, the reaction mixture was refluxed 1,5 hours, and was then fractionally distilled in a column. 


43 g (61%) of isoamylboron dichloride was obtained, b. p. 124-125.5°, d™, 0.9940. 


Found %: C 39.45, 39.48; H 7.34, 7.26; B 7.10, 6.92; Cl 45.95. CgHyBCl,, Calculated 
39,28; H 7.26; B 7.07; Cl 46,39. 


The material was airhypergolic, 


60.9 g of — chloride and 123.4 8 of PoC, were obtained in the © experiment. 


3. Isoamy lbis(ethylamino)boron 


B-triisoamyl-N- triethylbotazole. 60 ml of ether was added stowiy and with stirring to 20.1 g (0.13 mole) 
of isoamylboron dichloride which had been cooled to — 40°, The resulting ether solution was added overa~ 
period of 45 minutes to a stirred mixture of 35.2 g (0.77 mole) of ethylamine and 300 mi. of ether, which had 

= “ . been cooled to — 50°, The reaction mixture was allowed to stand overnight. The precipitated ethylamine 
c Bycrochiaride was filteted, the solvent was distilled, and the residue was fractionated, There were obtained: 


1) (1 6%) of with a b. p. of 94-94, mm, 0.8040; 
D 1 4337. 


Found %: C 63,53, 63.76; H 19.51, 13.565 B 6 40, 6.73. Cateuated 63 55; 
13,62; B 6.36. 


2) 1.5 g (47. 1%) of btoamy-M-uehybraol, which crystallized on sanity, B. Ps 113 to 
114°/0, 06 mm, m, p, 43-45 


Found %: C 67.00, 67 03; H 12.83, 12.10; B 8.55, 8,54. Calculated %: 67.24; 
-H 12.90; B 8.66. 


me Molecular weights found 384, calculated 375, 


The substance was readily soluble in ether, benzene, and isopentane; it was stable in air. 


4. boron 


B-triisoamy1-N-triisobutylborazole. 19.1 g (0,13 sabe of isoamylboron dichloride wr 44 g (0.61 mole) 
of isobutylamine were used in an experiment. which was carried ¢ out as described above, The following. com-. 
were obtained:. 


1) 11.1 g (38.1%) of isoamny bis with ab. p. of 112-113" (1 mm); 0.8028; 
D 1.4381. 


Found %: CG 69,30, 69.14; H 13. 67, 13.74; B 4.74, 4.78. Calculated 69.02; 
H 13,81; B 4,78, 
2) 9.6 g (50.4%) of B-tilsoamyl-N-trisobutylborazole with ab. p. of 126- 128°/0.06 mm, m. p. 53-55°, 


Found%: C 70 70.20; H 12 945 B 1.36, 7.38. Calculated ‘b: Cc 70 613 
H 13,17; B 1.07, 


Molecular weight: found 458, cotein 459. 


. 26.5 g of isobutylamine hydrochloride was obtained in the experiment, 


5. Isoamylbis(diethylamino)boron 


The experiment was carried out similarly to those described above, 14 g (0.09 mole) of isoamy!boron 
dichloride and 30 g (0,41 mole) of diethylamine were used, There were obtained 17.1 g of diethylamine 
roan and 10.4 g (50%) of isoamylbis(dlethylamino)boron with a b, p. of 103-104°/9 mm; 

4 9.8192; n™ p 14488. 


Found%: C 68.59, 68.32; H 13.48, 13.51; B 5.14, 5.14, CisHigBNy Calculated — C 69.02; 
H 13.81; B 4.78. 


6. Isoam mylbis(phenylamino)boron 


A mixture of 19.1 g (0.125 mole) of issammytboton dichloride and 50 mi of en was added at 0° toa 
solution of 46.9 g (0,504 mole) of aniline in 300 ml of ether; the addition was carried out over the course of 
:an hour while stirring. The reaction mixture was then stirred at-room temperature for 2hours, The aniline 
hydrochloride precipitate (31 g) was washed twice with ether and tepeatedly exttacted with hot benzene. The 
solvent was distilled from the filtrate, and the residue was heated for an hour at 90°; the small amount of 
aniline hydrochloride which precipitated was filtered, and the filtrate was fractionated, 18.8 g (46.6%) of 
isoamylbis(phenylamino)boror was obtained, b, p. 142-143°/0,07 mm; 4 0.99545 1.5700. 


found %: C 76.88, 176.61; H 8.68, 8 595. B 4.07, 3.98. Cateutated 16 105 
H 8.71; B 4,07, 


B-triisoamyl- N-triphenylborazole 


~ Isoamylbis(phenylamino)boron (11,1 rs) was placed in a flask fitted with a downward-sloping condenser, : 
and was heated on a metal bath. Distillation of aniline cortimenced at 300°; the ‘temperature of the bath was ~ 
gtadually (over a period of 2 hours) incteased to 365°, 3 g of aniline distilled, The residue, which crystallized ; 
at room temperature, was distilled under vacuum, 6 g (83.3%) of a yellowish,  rapidly-solidifying sibstance. 


with a b. p. of 178-185°/0.03 mm was obtained, After a second distillation, the a ess 
borazole boiled at 180-181°/0,03 mm and melted at 93,5-95.5°, 


Found%: C 16.45; H 9.45; B 6.34, Calculated 16.985 9.925 B 6.25, 
Molecular weight: found 475, calculated 519, 


The substance was readily soluble in-ether, benzene, and isopentane, 


B- triisoa mylborazole 


A stream of dry ammonia was passed through 2 an ether olution “ tesncnyibaom: dichloride (6.8 g in 
150 ml ether) cooled to — 50°, After the reaction mixture had been stirred for an hour at room temperature, 
the precipitated ammonium chloride (4.4 g) was filtered and washed with ether, The ether was distilled from 
the filtrate, and the residue was distilled, 2,1 g (48. Th) of B-trifsoamylborazole was obtained in the form of 
a colorless liquid with a b. p. of 114-115.5°/0.1 mm; a”, 0 8485; n” D 1 .4538, 


Found%: C 62.07, 61.80; H 12.43, 12.613 B 10.84. CasHiseBsN. Calculated hb: C 61.93; 
H 12.47; B 11.16. 


Molecular weight: found 282, calculated 291, 
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THE STEREOCHEMISTRY OF o,1-CONJUGATION, 


-AUTOOXIDATION IN RIGID ALLYL SYSTEMS 


Academician A, N, Nesmeianov, K. A. Pecherskaia, 


A. N, Akhramovich, and L, M, Minakova 


In our preceding papers on the spatial conditions for a," -conjugation [1], it was shown that in rigid bi- 

cyclic structures, C~H and C— Hg bonds at a bridge head and at the same time in an a- position relative to a 

- carbonyl group are -not activated by the carbonyl, The mercury in @-chloromercuricamphenilone or in mercuri- 
bis- a-camphenilone is not replaced by hydrogen through the action of acids, nor does it exchange with the | 
radioactive mercury in Hg™® and Hg *cl, »though such exchange occurs in a- mercurized ketones in which the 
mercury is not located at.a bridge head, The a-hydrogen atom of camphenilone is not nitrosated, sulfonated, 
nor brominated. ,%-Conjugation is usually disrupted in A-C—C= O systems in whicli the axis of the g-bond 
and the 1 -plane are perpendicular, Activation of the C—H bond is observed in allyl systems, H-C-C=C, 
Along with heterolytic substitution (metalation), homolytic replacement of hydrogen (homolytic ,"-conjuga- 
tion [12]) is particularly peculiar to such systems (in contrast to H-C— C= O-systems), Thus, allylic hydrogen 
is replaced by the bromine of bromosuccinimiide and is oxidized to peroxide by atmospheric | oxygén— a reaction 
which proceeds by a chain mechanism, Examples of this are - oxidation of tetralin to the hydroperoxide [2] 


and the oxidation of cyclohexene [3], isopropylbenzene {4], A A*-p- menthene [5] and other terpenes, — 
and alkylbenzenes. 


The aim of the present work was to clarify luattinn the same conditions hold for the disruption of H-C-C= 
=C conjugation as we have shown to hold for H-C-C=O conjugation. 


‘We investigated the tendency toward oxidation by oxygen of terpene hydrocarbons in which loving to the 
presence of a methylene bridge) the C—H bond in the a-position with respect to the double bond is sterically 
fixed with respect to the latter, namely: bornylene (I), camphene (iI), and §-fenchene (III). 


_In the sense indicated, these hydrocarbons are compounds with a rigid structure, Two samples of bornylene 


and of camphene prepared by different routes were exposed to oxidation in order to exclude the possibility of 
error owing to impurities. 


It was found that these three hydrocarbons did not absorb oxygen when they were subjected to oxidation by 
oxygen over a period of hours at 40, 60, and 80° and in the presence of such active initiators as cobalt and man- 
ganese stearates, After the aeqngent oxidations, the hydrocarbons were recovered from the solutions unchanged, 


Under these conditions, nonrigid allyl systems are readily oxidized by molecular oxygen in the presence, — 
or even in the absence of initiators, 


For comparison, we carried out the autoxidation, under analogous conditions, of hydrocarbons with almost, 
but not quite, rigid® structures, namely, A*-p-menthene (Iv) and (Vv). 


* In the sense that the corresponding g- and m-bonds are relatively fixed in space, 
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a%-p-Menthene, displayed the ouoneg toward oxidation by oxygen common to allyl groups, Thus, even 
at 40°, oxidation of A®-p-menthene in the preenene § of cobalt steatate proceeded at a rate usual for similar __ 
‘hydrocarbons, After distillation of the unchanged A*-p-menthene, the hydroperoxide resulting from the oxida- 
tion was distilled under vacuum, and waé identified by its constants, In the case of y-fenchene, oxidation at 
the methyl group is possible, and a lower rate is characteristic of such oxidation; however, this hydrocarbon was 
also capable of oxidation under rather mild conditions, It oxidized slowly at 60°, while oxidation of y -fenchene 
proceeded at a normal rate at 80°, 


Thus, the experiments described here show that sg are o, 7 -conjugation is influenced by the same steric 
factors as is heterolytic, 


Indeed, the steric relationships of the CH-bonds and the double bonds studied in bornylene, fenchene, and 
camphene are the same as in camphenilone, In these hydrocarbons, owing to the presence of the methylene 


bridge the axis of the o-bond of the allylic hydrogen is rigidly fixed ina ‘or nearly perpendicular to the 
axis of the -bond. 


It would be expected that in other hydrocarbons with an allylic system, the hydrogen atom in a rigid 
CH-link with its C— H bond fixed perpendicularly to the axis of the t-bond (as, for example, the a-hydrogen 
at the base of the bridge in the a-pinene molecule) would not be exchangeable, Therefore, the presently 

accepted scheme for the conversion of a-pinene to sobrerol [6] is subject to doubt and requires confirmation, 


EXPERIMENTAL 


‘The preparation of bornylene was carried out by two methods: 1) from borneol xanthate by the method 
of Chugaev [7], m. p. 101-102; 2) from borny] chloride by the method of Meerwein [8] with additional puri- 
fication from admixed camphene, m, p, 104-105°, Literature data: m, p, 103-104° [7] and 103-104°, 107° [8]. 


The preparation of camphene was carried out: 1) by dehydration of isoborneol [9], m. p. 46-48°, b. p. 
158-160°; 2) by dehydration of borneol [10], m. p. 47-49". Literature data: m, p. 47-53° [10], m. p. 45-46", 
b. p. 158-159° (11). 


$- and y~-Fenchenes were obtained dehydration of fenchy] followed by multistage fractiona- 
tion of the product (12). 6-Fenchene: b. p. n™ p 1.4510, d™, 0.8465, Literature data: 


b. p. 140-141", n™p 1.4502, 0.8397(12); b. 139-140°, 1.4486, 0.8433 [13]; b. p. 138.5- 
141°, 1.4505, 0.8376 [14], 


> y-Fenchene: b. p. 146-147", pil A689, d™, 0.8553, Literature data: b. p. 145-147, 1.46072, 
0.8547 [12]. 


Preparation of the at p-menthene was carried out by reduction of a-terpinene [15]; b. p. 52-53.5°/10 mm, 
154.5-157.5°/746 mm, n™ p 1.4650. Literature data [15]: b. p. 55-56°/12 mm, Dp 1.4610. 


In order to purify the hydrocarbons from traces of impurities which would affect the oxidation rate, all of 
the hydrocarbons investigated were repeatedly distilled over metallic sodium before oxidation, 


The oxidation was carried out in an apparatus which consisted of a thermostatted bath in which the reaction 
vessel, a “bomb,” was fastened; the bath was fitted with a mechanical stirrer, The bath was also fitted witha 
heater, which was connected into the circuit with the control contact thermometers through a relay. Oxygen was 
fed from a gas holder into a eudiometer tube through a ‘Drechsel bottle containing a 50% solution of potassium 
hydroxide, From the eudiometer, the oxygen passed to the reaction vessel through a system of two columns and 
a Tishchenko bottle, One of the columns was filled with soda lime and calcium chloride, and the other only 
with calcium chloride, The Tishchenko bottle was filled with phosphorus pentoxide, All parts of the system 
were connected with rubber tubing, Before beginning an experiment, the system was tested for leaks, ‘The 


| 


oxidations were carried out with oxygen. at atmospheric pressure. A weighed amount of hydrocarbon dissolved — 
in a solvent,and a weighed amount of an initiator (rnanganese or cobalt stearate), which comprised 0.2 wt. % 

of the substance being oxidized, were placed in the “bomb.” A current of oxygen was passed through the system 
for 15 minutes to displace the air, and the “bomb* was then closed and placed in the thermostatted bath, When 
the reaction vessel had reached bath temperature, the oxygen level in the eudiometer was noted, and the amount 


of oxygen absorbed was then noted through equal time intervals; in Table 1, these values are corrected to normal 
conditions. 


TABLE 1! 


ight,| Oxidation, Vol, O, 
time,hrs,| °C | abs., ml» 
Bornylene from borneol Benzene, 20 ml 18 

Benzene, 18 ml 6 1.06 
Naphthalene, 10 g 6 3.9 


Bornylene from borny1 


chloride Benzene, 5 ml 
_ Camphene from isoborneol 0 | Benzene, 20 ml 


3.7 
2.5 
2.3 
2.1 
4.0 
4.3 
2.0 
2.7 
3.5 
907 a,b,d 
2.5 165.4 a,c,f 


Notes, 1. In blank experiments with 20 ml of benzene and 0.002 g of cobalt (or manganese) stearate at 60° 
for 6 hours, the decrease in the volume of oxygen was 3.7 ml. 
2, a) with the addition of 0.2 wt. % manganese stearate. 

_ b) with the addition of 0.2% cobalt stearate. 

c) the bornylene recovered from the experiment had an m. Pp. of 93-95°, 

d) the camphene recovered from the experiment had an m, p, of 47-48°, ' 

e) 9.4 g of unoxidized menthene was recovered from the oxidized solution by vacuum distillation, The. 
following fractions were collected on further distillation under vacuum: Fraction I: b, p, 50-52°/0.31 mm, 
a” p 1.4805; Fraction Il: b, P. 72/0.31 mm, A viscous, nondistillable residue remained in o flask, Fraction 
- was the hydroperoxide of A 2_p- menthene with the following constants: b. P. 1% /0.31 mm, a 4 1.0072, 

p 1.4960, MRp 49.30, Calculated for F CyolysO2: MRp 49.45; molecular is found 165, calculated 


Without solvent 
-Camphene from borneol 1.0 | Benzene, 2 ml 
&-Fenchene 1.0 | Without solvent 
1.0 e e 
p-Menthene 15.8 


f) the oxidation product was vacuum distilled, After distillation of the uncitittinaih ¥ -fenchene, 0.4 g of 


a fraction with a b. p, of 50°/0.1 mm and n™ D 1.4765 was collected. The product liberated iodine from an 
- acidified solution of potassium iodide. — 


LITERATURE CITED 


{1] a) A, N, Nesmeianov, Scientific Reports Moscow State University 132, 5(1950); b) 
Nesmeianov, D, N, Kursanov, K, A. Pecherskaia, and E, N, Parnes, Bull, Acad, Sci. USSR, Div, Chem, Sci. 
(1949), 592; c) ALN, Nesmeianov, K, A Pecherskaia, and T. A, Tolstaia, Scientific Reports Moscow State 
University — 132, 66 (1950); d) A. N, Nesmeianov and I, 1, Kritskais, Proc, Acad, Sci, USSR 121, be (1958).* 


[2] R, Griegee and H, Logel, Chem, Ber. 84, 215 (1951), 
(3) A, Farkas and E, Passaglia, J. Am. Chem. Soc, 12, 3333 (1950). 


* Original Russian pagination, See C. B, Translation, 


[4] H, Hock and S, Lang, Ber, 77, 257 (1944). 


[5] H. Hock, Ber. 75, 300, 313 (1942); K, A, Pecherskaia and K, A, Krasnik, Scientific Reports 
Belorussian State University 20, 173 (1954). 


(6) V.M. Nikitin, The Chemistry of Terpenes and Resin Acids,* (1952), p. 177. 

(71) LA. Chugaev, J, Russ. Phys. Chem. Soc. 36, 1039 (1904). 

[8] H. Meerwein, Ber, 55, 2533 (1922), 

[9] S, Moycho and F, Zienkowski, Lieb. Ann, 340, 61 (1905). 
[10] M, Konovalov, J, Russ, Phys, Chem, Soc, 32, 361 (1900), 
E. Vagner, J. Russ, Phys, Chem. Soc, 28,65 (1896). 
[12] G. Komppa and R, Roschier, Lieb, Ann, 470, 129 (1929), 

~ (13) S. S. Nametkin and A, K, Ruzhentseva, J, Russ. Phys, Chem, Soc. 48, 450 (1916). 

(14] W. Qvist, Lieb. Ann, 417, 278 (1918). 3 ae 
(15) F.Semmler, Ber, 42, 526 (1909). 


Institute of Heteroorganic Compounds 
Academy of Sciences, USSR 
_V. I, Lenin Belorussian State University Received April 21, 1958 


z 


© In Russian, 


: 
: 
: ; 
* 
2 
: 
; 
604 - 
4 


SOME DATA ON THE KINETICS OF THE THERMAL DECOMPOSITION 
OF ACETATES OF THE ALKALINE EARTH METALS 


A. M, Rubinshtein and V. I, lakerson 


(Presented by Academician B, A. Kazanskii, April 14, 1958) 


A study of the kinetics of the thermal decomposition of salts of carboxylic acids is of interest, because a 
knowledge of the kinetics can aid in establishing the role of the formation and decomposition of these compounds 
during vapor-phase ketonization of acids, a process which is used for the preparation of ketones, particularly un- 
symmetrical ketones.. The kinetics of the decomposition of acetates is an example of such kinetics, According 
to Squibb [1] and Ipatieff [2], the vapor-phase ketonization of acetic acid can proceed through the intermediate 
_ formation of acetates with their subsequent decomposition into the metal carbonate and acetone. The same 
conclusion follows from the work of Nefedov and co- workers [3]; however, other concepts of the course of this 
reaction have been proposed [4-7]. 


An investigation of the kinetics of the decomposition of Mg, Ca, Sr, and Ba acetates appeared desirable 
in connection with the observation of a rare case of the formation of a bulk phase of an intermediate compound 
— the formation of acetate during the catalytic ketonization of CH;COOH over Ca and Ba carbonates in a certain 
~ temperature interval; this observation was reported in [8], and was based on x-ray data, In the present work, we © 
- proposed to determine the initial decomposition temperatures and also the reaction rate constants and activation 
energies in order to compare them with the corresponding values for catalytic ketonization, 


The rate of a chemical reaction cannot be predicted on the basis of the free. energy change; however, for 
reactions having a single course, and, therefore, the same activated complex, there exists a definite connection 
between the kinetic and the thermodynamic characteristics of the reactions [9], Free energy changes were cal- 
culated by the method of Temkin and Shvartsman [10] for the decomposition of acetates, Me(CH,COO), = 
= MeCO, + CH;COCH,, for different cations and process conditions, 


= TAS2,,— T (MoAa + M,Ab + M,Ac'+ M_sAc’), 


the values of AH"sg; and S°xog being taken from the reference work of Rossini on thermodynamic properties and 

also from other sources; the missing values of the absolute entropies of Mg, Ca, Sr, and Ba acetates were cal- 

culated by approximate methods utilizing the formulas of Eastmen [11] and Wenner [12], The course of the free 

energy changes with temperature, presented in Fig, 1, shows that the corresponding equilibrium yields varyin 

_ the following order BaAcg > SrAcg > CaAcg at 350-480° and CaAcz > SrAcg > BaAcg at 480-550°, Below 350°, 

_ SF becomes positive, the equilibrium constant becomes very small, and, in the case of the Ca, Sr, and Ba acetates, 
this represents a lower temperature limit for their decomposition, Similar calculations for Mg acetate show that 
the reaction does not go according to the above scheme. Indeed, in this case the decomposition — with 
the formation of the oxide, as is shown by x-ray analysis. 


We studied the decomposition of the acetates by a weight loss— temperature method using a vertical 
tube furnace with a CC thermocouple in the reaction zone; a small quartz or pyrex cup containing the material — 
was suspended directly from torsion scales, The sample weight was about 1 mmole, and the temperature was 
taised 1 degree/ minute up to the temperature at which reaction began, The weight loss— temperature curves 
of Fig. 2 show that the euhsa aan of -_ began at 300°, that of CaAcg at about 370°, and that of SrAcg 


at about 400°; these values are somewhat lower than the temperatures determined by Kronig [13]. Repetition 
of the experiments with preliminary nn of the acetates gave the same results, 


kcal/mole While carrying out the experiments, the following 
complications in the course of the process, to which none 
of the investigators paid any attention, were observed: 
1) the temperature regime of the process was not a steady 
state regime, and 2) some chemical changes occur in 
presence of atmospheric oxygen. Indeed, after 
_ teaching the initial decomposition temperature the 
_ sample evolved heat, and its temperature, in the case 
of CaAcg, for example, increased by 70°, after which it 
again fell to the temperature of the furnace. In special 
experiments in which the thermocouple was placed in 
_ the sample, it was found that with an over-all decom- 
| re ‘ ition time of 10 minutes, this maximum increase in 
am through 5 minutes, Further, visual 
‘Fig. 1. The course of the free energy change observations after the reaction showed that the originally 
with temperature for the decomposition of white material had darkened, If the reaction was in- 
Ca (a), Sr (b), and Ba (c) acetates, . terrupted by taking the sample from the furnace, the 
sample retained its dark color, We established by x-ray 
- methods that at this stage of the reaction, the mass 
consisted of CaAcg with an admixture of a sinall amount 
of CaCO, 


When the reaction was carried to completion, the 
carbonaceous deposit, which resulted from a side reaction, 
disappeared, apparently as a result of oxidation, The 
same picture was observed in experiments carried out 
in a stream of Nz or CO, with an O, content of the order 
of 1%, but it was absent in experiments carried out in 
sealed tubes preliminarily purged with O,- free nitrogen, 


= 40 
= 


Kinetic curves for the decomposition of CaAcg, 
plotted from the data obtained by us in the temperature 
interval 385-435°, are presented in Fig. 3, a, They 
show that the decomposition of this compound does not 
fall within the framework of the classical concepts of a 
_ monomolecular reaction, Only in the central portion of 

the curve is the first order equation obeyed, The de- 
composition rate was strongly dependent on the material forming the walls of the reaction vessel: it was greater 
in the Pyrex cup than in the quartz cup, The reaction rate decreased with a decrease in the amount of CaAcg 
from 1,7 to 0.6 mmole, In the Pyrex cup, the initially rapid reaction slowed down and then again accelerated, 
Upon the addition of Al,Os, the removal of heat was improved (the reaction is strongly exothermic), and the 
‘curves were more nearly linear. The activation energy, calculated from the linear central portion of the curves 
of Fig. 3, a, was 90 kcal/mole, Considering these anomalies, we are led to the conclusion that the kinetic 
curves presented by Read [14] (like the curves of Fig. 3, a) are pseudokinetic, and cannot serve as evidence in 
support of a radical mechanism for the decor position of ; acetates, as ee by Read, 


Calculations according to the topokinetic equation of Erofeev [15], a= 1-e ke? » in its Seguadinne form 
(see Fig. 3, b) are considerably more rigorous, They describe the decomposition up to 100% for experiments 
carried out in the Pyrex cup, from 30-40 to 80-90% for experiments carried out in the quartz cup, and from 50 
to 100% for experiments carried out with the addition of Al,0s; the acceleration of the reaction in the initial 
stage is probably due to spontaneous physical disintegration of the material, 


Fig. 2, Weight loss— temperature curves for 
the decomposition of Mg (a), Sr (b), and Ca sd 
acetates, 


The exponent n is close to unity (0.813-1.26), Thus, the decomposition of Ca acetate proceeds by means 
of the growth of reaction nuclei on the surface [16], Log k decreased appreciably with a change in the material 
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of the vessel— it was less for quartz than for Pyrex, Dilution of the substance with an inert material (A1,0,) 
only insignificantly decreased log k, Log k increased and aR decteased with an increase in the amount of 
material from 0.57 to 1.14 and 1,7 mmoles, The decrease in D indicates an increase in the thermodynamic 
" stability of the initial centers, Calculation of the activation energy gives = more realistic values 
than does calculation on the basis of the classical first order equation, Thus, E,,, calculated from a graph 


plotting log k against =) K is 24 kcal/mole for experiments with the quartz crucible (1,7 mmole, sample), 


29.6 kcal/mole for experiments with the Pyrex cup (1.14- mmole, sample), and 38 kcal/mole when 100 mg of 
was added (1,14- mmole, sample). 


Ss & 


Ug 


Fig. 3. Kinetic curves for the decomposition of calcium acetate _ 

under various conditions at 385-435°,. a) In first order rate co- 

ordinates; b) in the Erofeev topokinetic equation coordinates, 
1) In Pyrex; 2) in quartz; 3) in the presence of Al,0g. 


‘The classical equation for a monomolecular reaction considerably more poorly described the kinetics of 
the decomposition of the acetate in all cases except for the experiments in which an inert material (A1,03) 
was added, Evidently, in this case the catalytic action of the solid reaction product is suppressed by the A1,05. 


In conclusion, we note that additional experiments showed that irradiation of the sample with u. v. light 
during the reaction did not change the kinetics of the process, 
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INVESTIGATION OF THE KINETICS OF THE POLYMERIZATION OF ISOPRENE 
UNDER THE INFLUENCE OF A COMPLEX CATALYST 


S. E. Bresler and M, 1. _Mosevitskii 


(Piesented by Academician V. A. Kargin, April 16, 1958) _ 


Data on the kinetics of polymerization may be of great interest in clarifying the details of the mechanism 
of polymerization under the influence of complexes of organoaluminum compounds with titanium chlorides, 

The rate of polymerization of propylene has been studied previously [1, 2], but the interpretation of the kinetic 
data was difficult because the polymer proved to be practically insoluble in the reaction medium and coated the 


particles of the catalyst, as a result of which the rate of the — might depend on the diffusion of the mono- 
mer through the polymer to the active center. 


In the present work we have investigated the polymerization of isoprene, which yields polymers ‘soluble in 
the monomer, saturated hydrocarbons, and benzene, The rate of the polymerization reaction was measured by 
means of the theimal effect in a calorimeter that consisted of a Dewar flask (volume 3.5 liters) with a cover, 
placed in an air thermostat in which the temperature was mdintained approximately equal to the reaction tem- 
perature, As the calorimetric liquid we used a spindle oil of low viscosity that was first heated to the reaction 
temperature (about 32°), The flask holder led to the outside and was connected to a shaking apparatus, The 

reaction flask was divided by a thin diaphragm into two spaces of 45-50 cc each. Into one of them were distilled 
the previously purified monomer and the solvent (total volume 35 cc); into the other were introduced the com- 
ponents of the catalyst from Schlenk vessels, The change in. temperature in the calorimeter was determined with 
a Beckmann thermometer to an accuracy of 0.01°. After the temperature in the calorimeter containing the flask | 
had been established (i,e., in 30-40 min)— it had not changed more than 0,01-0.02 — the shaking apparatus was 
_ turned on and a striker ruptured the partition. Vigorous shaking of the flask was continued during the whole ex- — 
periment, so that both the contents of the flask and the calorimetric liquid were stirred, The reaction rate was 
determined from the rate of evolution of heat, i.e., from the rate of the temperature rise in the calorimeter. The 
reaction was practically isothermal, with a total temperature rise of 0.1-0.5°, Nevertheless, this rise was sufficient 
to make it possible to follow the course of the reaction with reasonable accuracy. It was confirmed by separate 
experiments that the calorimeter was adiabatic in character and that the mechanical sources of heat were negligible. 


Figure 1 gives a series of kinetic curves for the polymerization of isoprene under the influence of titanium 
tetrachloride and triisobutylaluminum (ratio of catalyst components 1:1) with preliminary formation of the active 
complex in one of the compartments of the flask. First of all, let us note that the rate of polymerization was 
highest immediately after the addition of the monomer to the catalyst. An appreciable slowing down of the 
feaction occurred as a rule at rather low degrees of conversion (10-20%) and could not be explained by a decrease 
‘in the concentration of the monomer. It also was impossible to explain it by the coating of the particles of the 
catalyst by the polymer, since the polymer was soluble, The cause might be a chemical change in the surface 
of the catalyst or poisoning of it by secondary products of the polymerization reaction, 


Unusual results were obtained when the catalyst components were introduced separately into the reaction 
mixture (one of the components was introduced with the monomer), In this case the course of the reaction was 
sharply changed, The first 30-40 min of the polymerization went very slowly, and the evolution of heat was 
practically unnoticeable, Moreover, some absorption of heat [connected, apparently, with the process of forma- 
_ tion of the catalytic complex (Fig. 2)] took place during this period, After the induction period, an almost linear 
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increase in temperature started, accompanied by a corresponding accumulation of polymer, However, in this 
stage the polymerization proceeded more slowly than with the same amount of catalyst prepared beforehand. 
Another important fact should be noted: when the catalyst components were introduced separately, the reaction 
mixture was a clear, reddish- brown liquid which thickened as the reaction proceeded. Only a strong Tyndall 


effect that developed when the flask was illuminated with a narrow beam of ee that the catalyst was 
not dissolved in the medium, but formed a vey finely, dispersed colloid, 


The detailed interpretation of the characteristics of the 
polymerization when the catalyst components were introduced 
separately requires additional experiments; however, even now 
it is obvious that the reaction of the isoprene with the catalyst 
component introduced into it plays a significant role, In particular, 
the appearance of a yellowish coloration of the monomer when 
; even a very small amount of TiC, is introduced into it indicates 
> @® @min the presence of a reaction, It would be wrong to assume that only 

the catalyst component first introduced into the monomer reacts 

with it; the second component also, which is in a separate com- 
partment of the flask, apparently may react with the monomer 

_ after the rupture of the partition, since it is not yet bound in the 


Yield of polymer 


Fig. 1. Kinetic curves with introduction 
of the prepared catalyst into the reaction 
mixture, 1) Without solvent, 0.00012 


mole of each catalyst component; 2) complex, 
sc an on Seay Thus, the dissociation of the complexes of the catalyst com- 
mole of each with the isoprene must procede the formation of the active 
4) is complex. This process occurs in the presence of a considerable 


0.00012 mole of each catalyst component excess of the monomer and therefore takes an appreciable amount 

* of time, The formation of the catalytic complex by itself is an 
exothermic reaction. However, in the case under consideration it 
is associated with the endothermic reaction of decomposition of 
the initial complexes of the catalyst components with the monomer, 
as a result of which the over-all reaction may prove to be even 
somewhat endothermic (Fig. 2) 


@ a nell ; In the light of what has been stated, the reason that'the . 

Fig. 2. Kinetic curve with introduction catalyst is in such a finely dispersed state when its components are 

introduced separately becomes apparent. | Actually, with the usual 
of triisobutylaluminum with the mono- 

: means of formation of the catalyst in a small volume, many centers 
mer. Polymerization without solvent; 
of crystallization are immediately formed which grow very vigorously 

0.00012 mole of each catalyst com- 
ponent, and coalesce in a macroscopic precipitate, In this instance, however, 


. as is clear from what has been said above, the process proceeds con- 
siderably more smoothly and in a larger volume. Here there is special significance in the fact that the formation 
of the catalyst takes place in the presence of the monomer. As soon as particles of active catalyst are formed, 


polymer molecules begin to grow in their surface, and to shield them from each other, minsereng their further 
aggregation, 


It is interesting to note that on polymerization of isoprene dissolved in benzene, previously peepared coanely 
dispersed catalyst soon breaks down to colloidal dimensions, and the mixture outwardly becomes the 
same as when the catalyst components are introduced separately, Such a dispersing action of benzene is connected 
apparently, with its complex- forming properties. In this instance the polymerization is sharply slowed down | 


(Fig. 1, 4); this is in agreement with the general observation that the catalysts are less active when in the colloidal 
state, 


Besides the kinetics, we have investigated (with I, Ia, Poddubnii and N, N, Chesnokova) the molecular- 
weight distribution of the polyisoprenes obtained by the action of the complex catalyst and separated out at | 
various degrees of conversion [3]. It was established that the average molecular weights and the molecular- 

weight distributions within broad limits are practically independent of the degree of conversion. A hypothesis 


was expressed there regarding a mechanism of limitation of chain growth that leads to comparatively narrow and 
symmetrical molecular-weight distributions, 
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SYNTHESIS OF 1-BENZYL- 2- METHYL-5-METHOXYTRYPTAMINE 


A. N. Grinev, V. N. Ermakova, and Corresponding Member 
AN SSSR, A. P. Terent‘ev 


In 1955 Shaw [1] synthesized 1- 2- methy!- 5- 3-acetic acid from the substituted 
phenylhydrazone of the methyl ester of levulinic acid by the Fischer reaction. By reduction of the amide of 
this acid with lithium aluminum hydride, 1-benzyl- 2-methyl-5- methoxytryptamine was obtained, 


_ As clinical experiments showed, the latter, which is the benzy] arr of serotonin (BAS), bes a : high 
physiclogical activity as an antimetabolite of serotonin [2-5]. 


In the present work a new synthesis of 1-benzyl- 2+ methyl-5- a (VII) has been canted 
out by the following scheme: 


The condensation of p-benzoquinone with the ethyl ester of N- benzyl-B- -aminocrotonic acid to o1- -benzyl- 2- 
‘methy!- 3- carboethoxy- 5- hydroxyindole (1) could be brought about only under conditions differing from those 
for the preparation of the other 5-hydroxyindoles substituted on the nitrogen (6-9]. The methylation of the 
hydroxy group of the indole (I) proceeds smoothly under the action of dimethyl] sulfate in an alkaline medium, 
The splitting out of the carboethoxy group from ‘1- benzyl- 2- methyl- 3- carboethoxy-5- methoxyindole (11) by 


the action of sulfuric acid in acetic acid solution proceeds most probably through a stage of the formation of an 
indolinine form: 


c 00C,H, on 


bn 
(n) 


H, gc | 
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The other stages of the process were carried out by methods similar to those described in (10, 11). 


EXPERIMENTAL 


1- Benzyl- 2- methyl- 3-.carboethoxy-5-hydroxyindole (I). 34 g of p-benzoquinone was dissolved in 

300 ml of dichloroethane, To the solution obtained was added 102 g of the ethyl ester of N- benzyl-8-amino- 

_  €rotonic acid [12], The reaction mixture was boiled in a distilling flask on a water bath for a half hour, during 
which time 220 ml of solvent distilled off. At the start of the reaction the dichloroethane distilled off together 

with water, The reaction mixture was cooled and the crystals of (I) were filtered off and washed with ether, 


Yield 43 g (44%), m. p. 195° (from alcohol). 


Found%: C 73.58, 73.66; H 6.28, 6.31. C 173,76; H 6.19. 


1-Benzyl- 2- methyl-3- carboethoxy- 5- methoxyindole (II), To a suspension of 70 g of the hydroxyindole 
() in 150 ml of dioxane was added 380 ml of 2 N sodium hydroxide, and then 75 ml of dimethyl sulfate, The 
reaction mixture was shaken for 40 minutes at room temperature, diluted with three volumes of water, and 
cooled, The crystals of (II) that separated out were filtered off. 


Yield 63 g (86%), m. p. 102 (from methanol), 


Found %: 74.25, 74.12; H 6.61, 6.58. Calculated %: C 74.28; H 6.55, 


1-Benzyl- 2- methyl-5- methoxyindole (III). To a solution of 30 g of (11) in 100 ml of acetic acid, heated 
to boiling in a flask with a reflux condenser, was added 30 ml of concentrated sulfuric acid in 50 ml of acetic 
acid, The reaction solution was heated to boiling for 15 minutes, The reaction mixture was cooled and neutralized, 
with cooling, with 2 N sodium hydroxide, The crystals of (III) were filtered off, washed with water, boiled in 
dioxane solution with carbon, and recrystallized from aqueous dioxane. 


Yield 16 g (70%), m, p. 115,.5-116°, 
Found %: N 5.54, 5.52, Calculated th: N 5.57. 


1-Benzyl- 2- methy]- 3-dimethylaminomethy]-5- methoxyindole (IV), (IV), 19.4 g of dimethylamine hydrochloride 
as a 25% solution, 17 ml of formalin, and 30 g of (1) in 100 ml of dioxane were mixed with cooling, The sus- | 


pension obtained was shaken for 4 hours at room temperature and left overnight. Isolation of the Mannich base 
QV) was carried out in the usual manner, 


Yield 30 g (80%), m. p. 83-84° (from aqueous dioxane), 
Found %: N 8.89, 8.74, Calculated %: N 9.08. 


Methiodide of 1- benzyl- 2- methyl-3-dimethylaminomethyl-5- methoxyindole (V), 30 g of (IV) was 
dissolved in 200 ml of absolute alcohol. To the solution obtained was added, with cooling, 6.7 g of methyl 
iodide, The reaction mixture was allowed to stand for 1 hour at room temperature, The crystals that separated 
out were filtered off and washed with absolute alcohol and ether, 


Yield 40 g (93%), m, p, above 170° (with decomposition). 


Found %: C 55.89, 56.06; H 6.14, 6.08, 56.00; H 6. 00. 


Nitrile of 1- benzyl- 2- methyl-5- methoxyindole- 3- acetic acid (VI), To a solution a 1.2 g of sodium 
cyanide in 100 ml of water was added 27 g of (V) in 5 ml of dioxane, The solution that was formed was boiled 
for 2 hours, then cooled, and the crystals of (VI) that precipitated were filtered off, 


‘Yield 23.2 g (90%), m, p. 128-129° (from toluene), 
“Found %: C 78,89, 78.83; H 6.40, 34, Calculated C 18.59; H 6.25, 


1-Benzyl- 2- methyl- 5- methoxytry ptamine (VID, To a solution of 3 g of (VI) in 70 ml of aise alcohol, 
heated to boiling, was added 1 g of finely cut sodium over a period of 5 minutes, The reaction mixture was 
heated to boiling until the sodium dissolved, diluted with one volume of water, and the alcohol was ‘distilled off. 
The aqueous solution was extracted with a mixture of ether and benzene (50 ml of ether and 30 ml of benzene), 
From the ether- benzene layer the tryptamine (VII) was extracted with 1 N hydrochloric acid, The aqueous layer 
was concentrated until crystals precipitated, cooled, and the crystals were filtered off. 
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_ Yield of tryptamine hydrochloride (VIL) 0.6 g (15%), m, p, 228-230° (from water), According to literature 
data, m. p, 230- 231° (1). 


Found: C 68.67, 68,67; H 7.19, 7.00; N 8.56, 8.35. Calculated %: C 68.97; 
H 7.00; N 8.48. 
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CATALYTIC ALKYLATION OF n-BUTANE WITH ETHYLENE AT 
we TEMPERATURES AND PRESSURES 


N. Nazarova, Academician A, A. 


and Le. Kh. Freidlin 


It has been established previously [1-3] that at elevated temperatures (450°) and pressures (500 atm) it is 
possible catalytically to alkylate normal paraffin hydrocarbons with olefins on aluminum oxide, At tempera- 
tures and pressures lower than this, propylene and butylene-1 are, for the most part, polymerized, Continuing ~ 
the investigation in this direction, we have now studied the alkylation of butane with ethylene. 


The experiments were carried out under circulating conditions; a diagram of the apparatus and the 
experimental and analytical methods were described in publication{1], We used 90% ethylene (remainder 
ethane) and butane that contained 4.6% admixtute of gaseous hydrocarbons, As catalysts aluminum ‘oxide and 
aluminosilicate were used, The aluminum oxide, which was active in the dehydration of isopropyl alcohol, 

- hadthe following ¢ Hoe chgguewen specific surface based on the adsorption of methyl alcohol (calculated by the 
BET method) 355 m?/g, apparent density 0.89 g/cc, total volume of pores 0.86 cc/g. The aluminum oxide 
was impregnated with potassium difluoride (10% by weight of the Al,0s), treated with 50% sulfuric acid, and 
washed with water. Before the experiment the catalyst was calcined at 430° in a current of air, 


The aluminosilicate was a commercial pelletized cracking catalyst with the following characteristics: 


_ specific surface 310 m 783 total volume of pores 0.69 cc/g; average pore radius 40 As Al,03 8,8 wt, %, 
SiO, 88.3 wt. %, 


The alkylates obtained were fractionated on a column with an efficiency of 70 theoretical plates, 


The individual narrow fractions were freed of unsaturated materials by chromatographic separation on 
silica gel and were analyzed by their Raman spectra (KRS), The yield of alkylate was calculated on the ethylene 
taken for the reaction. The volumetric rate was expressed in liters of gas per liter of catalyst in 1 hour, and the 
yields of the individual fractions of the alkylate in volume percent, rae 


| ‘The results of the experiments that were carried out show that in the reaction of butane with ethylene, as 
well as with propylene and butylene, a complex mixture of hydrocarbons is formed, 


. The expected hexane fraction— product of the addition of butane to ethylene was larger than the other 
fractions of the alkylate,‘and its unsaturation was considerably less than that of the other fractions, 


In Table 1 are given the experimental conditions, the yields of the alkylates, and the characteristics of 
the fractions obtained, In experiment No, 1 at 450°, 500 atm, and 15.7 wt. % of ethylene in the starting mix- 
ture with butane, the yield of alkylate was 84% and the degree of conversion of the ethylene was 82%, Approxi- 
mately half of the alkylate (51.8 vol, %) distilled below 125°, The hexane fraction (b. p, 60-70°) was produced 
to the extent of 24.2%, about 50% of it passing over in the narrow fraction at 61-63°; the bromine number of the 
latter was 7.8 (see Fig. 1, D. In experiments Nos, 2 and 3, which were carried out on the same portion of catalyst 
_. and under similar conditions, but with a lower ethylene content in the mixture (9-10%), the yield of alkylate 
and the degree of conversion of the ethylene were somewhat less, However, 10% of the combined alkylate of 
these experiments distilled below 125°, and the content of the hexane fraction proved to be 37.3%; approxi- 
mately 60% of it boiled at 62-63° (Fig. 1, 1), The bromine number of this narrow fraction was 5.8, Upon 
distillation of the alkylates apart from the narrow 60-63° fraction, there also were separated narrow fractions. 


with b, p."s 67-70° and 117-119°. In the fractionation curves I and If (Fig. 1) of the athylates, the horizontal 
sections a and b correspond to them. In the combined alkylate of experiments Nos. 2 and 3,these fractions 
constituted 9 and 11 vol. %, respectively, By chromatographic separation on silica gel,all three narrow fractions 


TABLE 1. 
Exptl, conditions Ln a Characteristics of alkylates by fractions 
oak. 


_ Catalyst— processed aluminum oxide 


8,3 
14,5 


3 

5 

a 

° 

& 
vuwn 
7 
2 

$8 


Catalyst — unprocessed aluminum ote 


8 | 450] 450] 12,41 | 160) 550] 81 |135) 5,21 29, 0 8 10,8 7,2] 24 
9 | 450} 300} 11,0 |} 160) 1200) 69 | 69] 5,2] 19,7]17 | 9,41 |33/19,7/—]| 9,8] — 
10 | 450} 500 12.8 40 | 1000 | 75° 
41 | 450|300] 12,0 | 240] 850] 65 103 6,8 24,2 15 »3 143] 13,0/23} 7,6 | 25 
aluminosilicate 
a 120141500 Bromine number of alkylate 17. 
102 110 | 1400 4,8 | 17,8 |12*| 6,2 | 14,4 | — 


© Bromine number determined for fraction 60-70°. 


TABLE 2 


Spectrum frequencies, | determined 


cm 


(2), 736 (0), 750 (2), 766 (0) 

1039 (2); 1050 (2); 1156 (1°): 
1174 (1° ); wre 1447 (5); 


67—70 |1,3755] 0,6619 |317(0); 334 oO. 31 (1); 403 (0); | n-hexane 
= 826 (2* ); 871 (2); 893 (4); 901 (4); 
1040 (4); 1082 (10); 1140 (1); 

1305 (4); 1440 (7); 
116—119 |1,3996] 0,7101 |454 (0); 745 (0); 762 (1); 821 (2); | 3-methyl- 
; 874 (1); 905 (1); 961 (4); 5780) pentane 
1040 (1); 1064 (0); 1083 (0); 
1147 (1); 1168 (1); 1222 (0); 
1288 (0); 1302 (2); 1352 (1°); 

1444 (7); 1464 (7). 


4 |450}500) 15,7 
2 | 450} 10,0 

3 | 4501500) 9,3 

| 450} 300) 10,6 

5 | 9,3 : 
6 | 460} 300] 12,5 
a 7 | 450] 200] 12'5 

G0—63 |1,3750| 0,66284 

618 


were freed of unsaturated saanetion, and they were studied by the Raman spectrum method, In Table 2 are 
given the boiling points, rs D: d™,, and spectral frequencies of these fractions; according to the atlas of Raman 
spectra, the observed frequencies of these fractions correspond to the ee “lab ne ape content: 3-methyl- 
pentane, n-hexane, and 3-methylpentane. The values found for their n” D and d™, also are close to those 

- teported in [7]. a the Raman ——- for the broad fraction 70-100°, which shai separation from unsaturated 
materials had n™ p 1.3915 and d™, 0.6927, frequencies were observed that corresponded to the spectrum of 
3,3- dimethylpentane: 


347 (1); 374 (1); 414 (1); 455 (1); 695 (5); 702 (2); 856 (1); 913 (1); 934 (1); 1005 (1); 


By analogy with thermal alkylation (4, 5] or with reactions in the presence of homogeneous catalysts [6] 
it might be expected that on a solid catalyst the reaction of butane with ethylene could be accomplished at a 
lower pressure than with propylene and butylene, The results of experiment Nos, 4 and 6 (Table 1) confirm 
this assumption. It is interesting. to note that on a-catalyst that had been working for some time,an alkylate 
was obtained with a higher content of the narrow fraction with b. p. 60-65°. Thus, in the alkylate of experiment 
No, 4, which was carried out in the presence of a fresh sia of catalyst, its content was 17.7 vol %, but in 
experiment No, 6 it was 26. 5 vol. %. . 


120 


Fig. 1. Fractionation curves of alkylates: ; Fig. 2, Fractionation curves of alkylates: 
1) experiment No, 1, 1) experiment experiment No, 8, 1) 
™ 2 and 3. No, 11. 


When the pressure was lowered to 300 atm, the yield of _ was little ony. but the bromine 
: number of the hexane fraction was increased somewhat. 


When the pressure was further lowered to 200 atm (enigntionen No, 7), there was a sharp decrease in both 
‘the yield of alkylate (to 27%) and the yield of the hexane fraction (to 11 2%), 


Experiments Nos, 8-11 were carried out with etic oxide that had not been subjected to treatment 
with potassium difluoride, Analysis of the alkylates of experiments Nos. 8 and 11 (Table 1) and their fractiona- 
tion curves (Fig. 2) shows that the yield of the alkylate and its fractional composition differed from those obtained 
~ in the presence of processed aluminum oxide, 


From the experimental data obtained it follows that ethylene adds mainly to the second C atom of the 
CHs 
bu, + CH; = — CH,—CHs 
2 2 


and to a lesser extent to the first C atom with the formation of n-hexane: 


: Al 


In the presence of an aluminosilicate catalyst, it also was possible to senting the reaction with ethylene 
ata lower pressure (250 atm) (experiment Nos, 12 and 13), The bromine number of the alkylate was small 


' (Table 2), but the yield was low (approximately 30%), When the pressure was taised to 500 atm, the yield of | 
_ alkylate was not substantially increased (50%), 


In the alkylation process, besides the expected products there wete higher-boiling hydrocarbons formed. 
It might be supposed that they are basically:the product of multiple alkylation. In the reaction with ethylene 
there is an especially noticeable stage of realkylation of the 3- methylpentane that has been formed (Fig. 1,1. 
etenen, in this stage the addition goes pane on the first, and not on the second, C atom; 


Cly CH = CH CH, —CH,— CH; 
—CH,—CHs ct, — CH 
- Comparison of the results of the present work with thoie previously obtained in the alkylation with propylene. 


and butylene shows that the reaction of n-butane with ethylene goes according to the general scheme for all the 


hydrocarbons investigated by us, byt at a lower pressure and with a a higher _— of the expected’ penn taiaie of 
hydrocarbons, 


We express our thanks to Iu, P, Egorov and G, K, Gaivoronskaia for — and ocerpreting the spectra 
of the hydrocarbon fractions, 
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THE RELATION OF CONJUGATION CHARACTERISTICS TO THE ANGLE OF > 
DEFLECTION OF THE METHOXYL AND THE DIMETHY LAMINO GROUPS 
RELATIVE TO THE PLANE OF. THE BENZENE RING 


P. P. and Z..S, Egorova 


(Presented by Academician B A, Kazanskii April 11, 1958) 


In the absence of steric hindrances, the indications of the reciprocal effect of the — N(CH3)2 or the 
— OCH, group and the benzene ring are easily observed. It is well known that the deviations from the data cal- 
culated by addition in the energy of the molecules of anisole ‘and dimethylaniline determined from the heats - 
"of combustion amount to 8-10 cal/mole; the anomalies in the dipole moments of these molecules also are 
very considerable, Introduction of an —ORandan — NR, group into the benzene ring leads to a significant 


drawing together and strengthening of the absorption bands, to a strong increase in the polarization of the mole- 
cule, and to a change in the other optical properties, 


If we judge from the x-ray data, the methoxyl group in the absence of an ortho-substituent is aaa in 


the plane of the benzene ring. In the presence of a substituent (X) in molecules of the type >. 
the location of the OMe group in the plane of the benzene ring becomes impossible; obviously, the larger the 
size of the — X, the greater must be the angle @ between the plane C— On: and the plane of the 


ring. 


The OH group is more compact than the ase and therefore it should be comparatively little subject to the 
influence of steric factors, ; 


The NMe, group of dimethylaniline obviously has a pRpeenienrer configuration; the line joining the C atoms 
of the two methyl groups, apparently, is parallel to the plane of the benzene ring, In other compounds that 
contain electron- accepting groups (for example, in the molecules of nitroamines and some others) the NR; group 
may also have a planar configuration, Ortho-substituents should, naturally, disrupt the coplanarity of the system 


“benzene ring — dimethylamino staal but at the same time should have comparatively little effect on the more 
compact NH, group, 


In the investigation of the influence of ortho- substituents (X) very great interest is afforded also by the X 
groups that have a large volume and at the same time have little direct effect on the benzene ting and on the 
benzene spectrum. From this point of view it was very desirable to study the tertiary butyl derivatives; unfor- 
tunately they were difficult to obtain, Among the halogen substituents the largest in size (bromine and iodine) 
substantially affect the benzene spectrum, causing a drawing together of the absorption bands; this makes it difficult 
to interpret the spectra of ortho- halogenated derivatives and to sagt how much the effects of the OR and NRg groups — 


are changed, 


_ The difficulties in the interpretation of the spectra, which are connected with the direct effect a es. X 
substituents on the benzene ring, become less substantial if we go to compounds of the type 


Be, 


‘ \x \x \r 


‘It is known that p-nitrodimethylapiline has a very inténse, sharp absorption band in the near-ultraviolet 
region, which is associated with the presence of the system of conjugated bonds of the “nitro ) group — benzene 
ting — amino group"; the same can be said of: p-nitroanisole, 


The indications of the effect of the NR, and OR on the “nitro group— benzene ring” system are expressed 


considerably more prominently than the indications of their effect on the benzene ring in the PhNRg and PhOR 
molecules. 


The presence of the nitro group also makes it possible to obtain supplementary criteria for judging the — 
effect of NR, and OR groups at different angles of deflection (@) on the system of conjugated bonds: the fre-. 
quency of the valence vibration of the nitro group observed in the Raman spectra can be used as an approximate 
measure of changes in the rigidity of the N-O bonds that are caused by the substituents located in the para- 


‘position, i.e., the NR, or OR groups, The intensity of the nitro group line is especially sensitive to the influence 
such substituents, 


At the same time the substituents X in the compounds 0,N-{ > _ have comparatively little effect 


x 

a 
on the absorption spectra and on the frequency of the nitro group, and ” dipole moments of such compounds 
are additive. 


In Table 1 the following data are given for each compound: 


1) the difference (A w) between the frequency of the symmetrical valence vibration of the nitro group of 
the given compound and the frequency of unsubstituted nitrobenzene (1347.3 cm74) according to Raman spectrum 


measurements of benzene solutions; 2) the coefficient of 


y integral intensity of the corresponding line of the nitro 
& 25-10%! group, from measurements of benzene solutions; the 
coefficient of intensity of the benzene line 1176 cm™* 


is taken as 25 units (as a se we used 1/100 of the integral 
intensity of the line 313 cm™! of CCl, calculated for 1 — 
mole); accuracy + 15%;* 3) the dipole moment from 
Measurements. in benzene, p in Debyes (figures with the 
letter 1 in the list are taken from the literature); 4) the — 
difference (A ») between p and the vectorial sum of the A; 
dipole moments of nitrobenzene (or, respectively, m,m- 
dichloronitrobenzéne for the dichloro derivatives) and the 
aliphatic compound Al kZ (where Z = OH, OR **, NHg, 
or NR,); roughly speaking, Ap characterizes the shift of 
electrons from Z toward the benzene ring and the nitro 
group; by calculating Ap the deformation of the'C-C-Cl 
angles and others are learned (an approximate estimate); _ 
-5) the values of 6 (angle of deflection of the NH, NRg, 
OH, or OR group around the Ca,-N or C,,-O bond) cal- 
culated from known data on the interatomic distances in 
similar molecules and the van der Waals radii of the H and — 
Cl atoms, In the calculation we took into account the de- 

_ formation of the valence angles and the drawing together 
of the adjacent H and Cl atoms to a distance less than the . 
sum of their van der Waals radii under the influence of the 
force striving to turn the NRg group (or OR) into the plane’ 


é 


* Excitation from Hg 4358 A, Details of measurements of w,I, py, are given in[1). 
** In text and in Table 1 the letter R indicates the methyl! group, 
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of the benzene ring. According to an approximate estimate this force should be about 5-107 5 dyne. Such a 
force is sufficient to reduce the distance between the adjacent atoms by 0.1 - 0.2 A, For the calculation the 
form of the — NR, group was assumed to be planar, 


According to the data of Table 1,the OH, OR, NH, and NR, groups in the molecules of p-nitrophenol, 
prnitroanisole, p-nitroaniline, and p-nitrodimethylaniline have the effect of lowering the frequency of the 
nitro group, increasing the intensity of the Raman line of the nitro group, and strengthening and drawing together 
the absorption bands, Anomalies in the dipole moments are particularly great in the nitroamines, 


TABLE 1 


UV absorption | 
spectra in 
pentane ! 


2800 (1,5) 2520 (9,6) 
2900 (1,2) 2520 (7,4) 
3070 (1,2) 2570 (6,2) 
2260 (8) 
14,4 21008 
3540 (20) 2260 (8) 
3450 (12) ~ 2200 | 
3650 (7,5) 2590 (5) 


2850 (10,5) 


2850 (6,5) 


2920 (12) 


(8,4) 


* Figures in parentheses are °107%, 


Comparison of the data for 4-nitrophenol and 2,6-dichloro-4-nitrophenol shows that in the spectra of the 
latter clear indications of the weakening of the effect of the OH group on the system “benzene ring — nitro group” 
were not observed; the intensity of the absorption band (and also Ino, ) in this compound was somewhat lowered, 
but to approximately the same extent as in m, m-dichloronitrobenzene in comparison with nitrobenzene, It can 
be assumed that the orientation of the OH group (angle @) is not substantially changed as a result of chlorination, 


The methyl group is less compact ttian the OH and should be more subject to the influence of steric factors, 
Actually, when an atom of chlorine was introduced into the molecule of p-nitroanisole, a clear weakening of the 
effect of the OR on the spectra was observed, However, the value of Au was decreased insignificantly (approxi- 
mately the same as for the analogous phenol), Whether this is explained by an inaccuracy in the value obtained 
for yp or by other circumstances is not clear as yet. 


| | INO, | | Au | 
0 | 700 4,00! 
0. 500 | — 
a7 
| HN-<>-No, —12 | 20000 6,20 | 1,8] : 
—28 | 200000 6,87 2,8] 0 
—16 |~1 5,50 1,8 | ~55° 
S=NO, —12 “4,05 1,4 | ~65° 
| | 200 | o 
| 
3,42 1,2 | ~60° 
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the nitro group with the benzene ring). 


> 


L, Ia, Karpov Scientific-Research 
Physico-Chemical Institute 


* In Russian, 


Thus, the indications of the influence of the OR group on the spectra depend on the angle © and are 
weakened as it increases; a relationship of Au to @ has net been detected here, 


LITERATURE CITED 
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“ig aysreegias of the parameters of the molecules of 4-nitroaniline and 2,6-dichloro- 4- nitroaniline shows 


that the chlorine atom has very little effect on the 

spectra and on the indications of the influence of the 

NHj group on the system “benzene ring — nitro group” 

observed in the spectra and dipole moments (see Fig. 1 
for absorption spectra), 


An entirely different picture is observed when 


_ atoms of chlorine are introduced into the p-nitrodi- 


methylaniline molecule: even when one chlorine atom 
is introduced, the indications of the influence of the 

NR, group on the system of conjugated m-bonds are 
clearly weakened; two chlorine atoms give a still greater 


effect: the frequency of the NO, group becomes closer 


to the frequency of unsubstituted nitrobenzene than to 
the frequency of the starting p-nitrodimethylaniline; 

the intensity of the line for the nitro group (yo) is 
weakened by half, the absorption band is weakened 

still more (see Fig. 2), and the anomalies in the dipole . 
moments (A 4) are decreased by half. ‘ 


It is obvious that the effect of the NR, group on 


the spectra and the dipole moments of aromatic compounds is greatly dependent en the angle of deflection @ 
of this group relative to the plane of the benzene ring; when @ is increased from 0 to 60° the indications of the 
influence of the NR, group are weakened, roughly speaking, by half (it should be noted that deflection of the 
nitro group by an angle of about 60° [2] leads to a more distinct weakening of the indications of conjugation of 


Unfortunately, at present data are lacking for molecules in which the angle @ is close to 90°, However, 
data already available permit the assumption that an inductive effect is not the factor determining the anomalies 
in the spectra and the dipole moments of molecules in which the NR, group is linked to a system of +-bonds, 
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HYDROCARBONS OF THE DECALIN SERIES IN MIRZAANI PETROLEUM 


Aveshidaé and A, V. Kikbidse 


(Presented by Academician B, A, Kazanskii, April 24, 1958) 


The thorough investigation of the chemical composition of the petroleum fractions with b. p. above 150° 
is one of the timely and most important problems of petroleum chemistry. 


We have shown that the fraction of Mirzaani petroleum boiling at 150- 200° contains 23.6% of hydroaro- 
matic hydrocarbons, It was of intetest to determine the individual nature of these hydrocarbons, and the present 
investigation was devoted to this study, The interest in establishing the structure of the hydroaromatic hydro- 
carbons of the decalin series in Mirzaani petroleum was redoubled by the fact that in this same petroleum we 
found naphthalene, a- and 8-methylnaphthalene, and 1 »6-dimethyInaphthalene of the condensed aromatic. 

_ hydrocarbons, 


It was of definite interest to show whether the presence of the condensed aromatic hydrocarbons found in 
earlier investigations [1, 2] and of their hydrogenated i was characteristic only of Surakhany oily petro- 
leum or could also characterize other petroleums, 


The investigation that was carried out showed that condensed aromatic hydrocarbons and their hydro- — 
genated analogs were present in Mirzaani petroleum, 


_ The accumulation of much experimental material provided a basis for confirming a possible genetic 
connection between the condensed agomatic hydrocarbons and their Rythaganated analogs, 


As a result of the investigation carried out we have shown that decalin, a-methyldecalin, and 1,6- sod 1,7- 
dimethyldecalin are present in Mirzaani poutine. 


A study of the naphthenic hydrocarbons in the kerosene of various petroleums of the Soviet Union, and 
primarily of their content of decalin and its homologs, was carried out in the S, S, Nametkin laboratory of the 
Institute of Petroleum of the Acai of Sciences of the USSR, 


L, M, Rozenberg [2] investigated the hydrocarbons ot the decalin series in the kerosene of Surakhany (oily) 
petroleum by catalytic dehydrogenationand the picrate method and established that decalin, a mixture of a- 

and 6-methyldecalins, and 1,6-dimethyldecalin were present in it, L, M, Rozenberg and S, S. Nifontova [3] 

by the same methods established the presence in kerosene of Kossor petroleum of the same hydrocarbons as in 

the kerosene of Surakhany (oily) petroleum with the exception of decalin, 


The object of investigation in the present work was the 150- 200° fraction of an average sample of 
Mirzaani petroleum, which was isolated from the petroleum by fractional distillation, 


In order to remove the nonhydrocarbon components entering into the 150-200° fraction of Mirzaani petro- 
leum, we treated it with 75% sulfuric acid, after which it was washed, dried, ‘and distilled from a Favorskii 
flask in the presence of metallic sodium, 


The maximum aniline point, the refractive index, and the. specific gravity were determined for the 150- 
200° fraction investigated, the values of which are given in Table 1, 


Separation of the aromatic hydrocarbons entering into the composition of the fraction investigated was 
accomplished by chromatographic adsorption on "KSM"-brand silica gel, The active fraction was 100-200 mesh 
and had an activity,relative to benzene, of 13.5. 


The completeness of dearomatization was verified by the method of A, M, Nastiukov [4], The same 
physical properties were determined for the dearomatized fraction, after it had been appropriately washed, 
dried, and distilled, as before the removal of the aromatic hydrocarbons, and the values are given in Table 1, 


TABLE 1 
Properties of 150-200° Fraction of Mirzaani Petroleum Before and After Catalysis 


Maximum aniline point 
before after before © after before 
catalysis | catalysis catalysis catalysis catalysis — 


Before removal of 
aromatic hydro- 
carbons 58.4 46.4. 1.4363 1.4432 0.7810 
After removal of 
aromatic hydro- 
carbons . 68.4 11.3 1.4210 1.4018 0.7593 0.7614 


To establish the nature of the naphthenic hydrocarbons, the dearomatized petroleum was subjected dete 
genation on platinized carbon (Pt 10%), containing iron for the purpose of suppressing the hydrogenolysis of the 
cyclopentane hydrocarbons as had been indicated by B, A. Kazanskii and G, S, Landsberg [5]. The dehydro- 
genating capacity of the catalyst was checked by the method of G. S, Pavlov, The catalyst converted 95% of 
cyclohexane to benzene, 


The aromatic hydrocarbons that were formed as a result of the dehydrogenation of the hydroaromatic 
hydrocarbons were removed by the same method as the aromatic hydrocarbons of the benzine from the direct 
distillation, The same constants were determined for the catalyzate before and after removal of the aromatic 
hydrocarbons (Table 1). 


From the depression of the aniline points with the use of the proper factors we calculated the group com- 
position of the fraction under investigation (in percent): aromatic 15.1; hydroaromatic 23.6; other cyclanes 
27.3; paraffins 34.0. Percent of hydroaromatics in total amount of cyclanes — 46.3, 


_ The ‘aromatic hydrocarbons that were formed as a result of catalysis were separated by chromatographic 
adsorption, washed, dried, and distilled from a Favorskii flask in the presence of metallic sodium; the properties 
and amount of the fractions of aromatic hydrocarbons collected are given in Table 2, 


‘TABLE 2 | 
Properties and Amount of Fractions of Aromatic Hydrocarbons 
Isolated from the Catalyzate of the 150- 200° Fraction of 
Mirzaani Petroleum 


Fraction | B.p°C ; Amount of 
No. {(736 mm Hg) | /fraction, g 


135—155_ 0,8321 
155-175 . 0,8421 
175—195 0, 8643 
195—220 i, 5140 0,9319 


The fractions of aromatic hydrocarbons were treated separately with picric acid to isolate the condensed 
aromatic hydrocarbons, 


From the 135-155° and the 155-175° fractions pure picric acid precipitated, Both precipitates after crys- 
tallization melted at 122-123° and gave no depression with picric acid, from which it follows that they contained 
neither naphthalene nor its homologs. 
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From the 175-195° fraction a picrate was obtained which, after several recrystallizations from ethyl alcohol. 
yielded two picrates: one formed needle-like crystals of an orange- yellow color with m. p, 141°, which agrees 
with the m. p, of the picrate of a-methylnaphthalere. According to the literature [6],the m, p. of the picrate 
of a-methyinaphthalene is 141°, The second formed yellow crystals that melted at 149° and agreed with the 
m., p. of the é ogee of — In the lit rature the m. p- 149.5° is given for the pictese of naphthalene 
(7). 


A picrate was obtained from “a 195- 220° fraction; two distinct picrates were isolated from this after 
several recrystallizations from ethyl alcohol: one was bright orange in color, with m, p. 111-112, which 
according to the literature agrees with the picrate of 1,6-dimethylnaphthalene [8], The second, which melted 
at 120-121°, corresponded to the picrate of 1,7-dimethylnaphthalene [8]. 


On the basis of the picrates isolated we have established the presence of decalin, a-methyldecalin, 1,6- 
and 1,7-dimethyldecalins in Mirzaani petroleum, 
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INVESTIGATION OF THE STRUCTURE OF UNSATURATED NITRO COMPOUNDS 
; BY MEANS OF THEIR RAMAN SPECTRA 


la. S. Bobovich and Perekalin 


(Presented by Academician A. N. Tereninyi, April 14, 1958) 


It has been shown by numerous investigations that for the successful reaction of unsaturated nitro com- — 
pounds with nucleophilic reagents, and in particular with compounds with labile hydrogen atoms in the methyl 
and methylene groups, the présence of an electron deficiency (6+) on the carbon atom of the ethylene group _ 
of the nitroolefin is of decisive importance, The magnitude of the electron deficiency, which is conditioned _ 
by the conjugation of the nitro group with the double bond, depends substantially on the chemical structure of 
the. unsaturated compounds ¢he nature of the radicals linked with the ethylene group), — 


where R=H, alkyl, aryl, heterocycle; Ry, Rg =H, alkyl, aryl, BN 


For the solution of a number of synthetic problems,the necessity arose for satisfactory objective informa- 
tion on the character of the conjugation in nitroolefins, For this purpose, the intensities of the bands of the 
- Raman series (XXII) for unsaturated nitro compounds, nitromethane, and several aromatic nitro derivatives were 
investigated, The spectra of the majority of these compounds were obtained for the first time, 


As is well known [1], the intensities of the Raman lines, changing sharply in dependence upon tn con- 
jugation, can be employed for its evaluation, Furthermore, the Raman lines, being characteristic, in the absence 


of ultraviolet absorption bands permit judgment of local changes in the electron density, but not of the behavior 
of the molecule as a whole. 


The investigations were carried out by n means of photoelectric equipment, Acetone served as the solvent 

in all cases, The concentrations of the materials varied within the range 10°! to 10°* moles/liter, which 
practically excluded the possibility of reaction of the molecules of the substances investigated, The precision 
of reproducibility of the results for the intensities lay within the limits + 3-4% and for the frequencies was 
#5cm™, The intensities and frequencies were measured for the lines of fully symmetrical and antisymmetrical 
vibrations of the nitro group, antisymmetrical vibration of the benzene ting, and vibrations of the — bond, 
For this purpose, the measure of the intensity of the lines was its ratio to the intensity of the 1707 cm” line of 
acetone, For nine compounds quantitative polarization measurements also were made, All the data on fre- 

~ quencies and intensities, reduced to an identical concentration of the compounds and to the same number of 
nitro groups and double bonds, and on the state of polarization of the lines,are assembled in Table 1. 


The investigation that was carried out showed that the intensities of the lines varied within very wide 


limits (Table 2), For the same molecules the intensities of the antisymmetrical vibration of the rane ting 
were subject to especially severe variations, 


The changes in the intensities of the lines of the estan aspecten of the nitro group, the double bond, ‘and 
the aromatic ring directly reflect their participation in the m-electron reaction, presenting a clear representa- 
tion of the relationship of conjugation in the nitroolefins to their structure, and permit the following conclusions, 
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“TABLE 1 


Frequencies (in cm~*), Intensities (on an asbitiacy unit scale), and Degrees of Depolariza- 


tion of Some Raman Lines in the Spectra of Styrene and Nitro Compounds 


Full 
etri al yi 


seston of the 


group 


ntisy m- 
vi- 


bration of the 


Antisym- 
metrical vi- 
bration of 


‘| Vibration of 
the double bond 


CH,NO, 


(il) CH,CH,CH,CH~CH—NO, 
qin 


wy 
Wil 


(1X) 


(X) /CH=C-—NO, 


(X1) 
(X11) HCO” >CH=CH-NOo 
(XIII) H,COg 


(XIV) ScH=CH-—NO, 

(XV) 

(XV 
=CH—CH=CH—NO, 
(XVIED) CH= 


=CH—NO, 
(XIX) 


(XX) 


(XX1) 


4\/~\ 


O,N—HC=CH 


CH =CH—NO, 


CH=C—No, 


- | 43804-4400 


. (0,02; 
© 0,32) 


4340 (0,36) 


1340 (0,38) 


135 (0,75; 


1325 (4,3) 


1340 (1,5; 
p = 0,32) 


1335 (10,6) 


1335 (3,4) 
1345 (2,8) 


1340 (30) 
1335 (255) 


1335 (16; 


1325 (14; 
= 0,43) 


1340 (0,4) 


1340 (8) 


1325 (3,5) 


NO, group 


4555 


(0,005 
= 0,74) 
1510 


1510 (0,04; 
72) 


? 


“4510 (0,9) 
? 


1500 (0,2, 
1500 (3,7) 


? 


4510 (0,45) 
? 


? 
1510 (2,8) 


4515 (0,7) 


1520 (0,13) 


1510 (1,0) 


1510 (0,042) 


1510 (0,20) 


the ring 


4600 (0,41) 


1620 (4,1) 
1615 (2,6) 
1600 (1; 
e=0, 
1600 (19; 
e = 0,38) 
1590 (10) 


1590 (4,1) 
1600 (3) 


1590 (39) 


1610 
e = 0,41) 


1610 (25; 


e=0, 


1595 (0,14) 


1595 (3,56) 


1610 (1,3) 


(0,183) 


1640 (0,42; 
e= 0,28) 
1630 (4,3, 
P= 0,35) 


1660 (2,3) 


1640 (4,2) 
1660 (3,7) 


1625 (10; 
ep = 0,30) 


1640 (10) 


1665 (3) 
1630 (27) 


(95) 


1625 (18; 
p = 0,39) 


1660 (11; 
e = 0,43) 


1630 (5,4) 


1665 (2,8) 


1630 (4,8): 


e = 0,55) 
1610 

0,3,e=0,55) 

1600 (1,3) | 

1325 (40; 

| =0,39) 

49) 
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1, The unsaturated olefins represent a single conjugated system: in the aliphatic nitroolefins the nitro 
group is conjugated with the double bond, but in the aromatic compounds the nitro groups, double bond, and 
benzene ring are involved, as is revealed in a still sharper increase in the intensity of the spectral lines in com- 
parison with compounds that do not contain these three groups simultaneously, Nucleophilic substituents in the — 

| para-position of the benzene ring (methyl and methoxy] groups) are conducive to conjugation in exactly the 

same way as *» the case of the aromatic nitro compounds according to the data of P, P, Shorygin (1). 


TABLE 2 


Compounds Change in intensi 
Character of vibration 4 of 
Fully symmetrical vibration a 
of nitro group ‘@ and (XID 2000 
of benzene ring (Iv) and (XVID ~ 312 
Vibration of double bond (1) and (XVID ~ 98 


2. Inthe para-dinitroolefins (XVIII) and (XIX) the conjugation increases sharply in comparison with the 
corresponding meta- isomers (XXI) and (XXII) and the mononittoolefins (VD and (vIn), although in (XVID and 
(XIX) it would be expected that there would be a weakening of the lines as a result of the presence in the mole- 

' cules of oppositely directed conjugated systems. 


3. Methyl groups on the ethylene carbon linked with the nitro group weaken the conjugation, apparently 
as a result of disturbance of the coplanarity of the molecule (compare the intensities of the bands of the nitro 


group, benzene ring, and double bond in the compounds We. (Ix), Gan, (XIV), with those in (VID), (x), (xn), 
and (XV), respectively, 


4. The degree of depolarization of the fully enue vibration of the nitro group in conformity with 
the earlier observations by one of us [2] is included for the majority of the compounds within the limits 0.22-0. 43. 
Comparison between compounds XII and XI, for which I 1740, py =0.39 and I,=5, p270. 42, respectively, in- 
dicates that introduction into the chain of a double carbon-carbon bond leads not to a simple elongation of one 


of the axes of the ellipsoid = of the nitro groups, but to simultaneous elongation of all of its axes, i.e., to 


a substantial change in the form of the ellipsoid, In molecules characterized by favorable conditions for con- 
jugation, the line for the vibration of the benzene ring becomes distinctly polarized (in the case of compound 
(X11) the degree of depolarization of this line is 0.38). This last fact, it would seem, indicates a change in the 
form of the “antisymmetrical® vibration of the benzene as a result of the conjugation of the bonds. 


The authors express deep gratitude to Academician A, N, Tereain and Professor B.S, Neporent for their 
interest in the work and for presenting the opportunity to carry out the spectroscopic portion of the investigation. 
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DIPOLE MOMENTS OF HEXAALKYL DERIVATIVES OF DISILOXANE 


A. A. Gundyrev, N, S, Nametkin, and Academician A. V. Topchiev 


In the present communication values are presented for the dipole moments of four hexaalkyl derivatives 
of disioxane: hexamethyldisiloxane, hexaethyldisiloxane, hexapropyldisiloxane, and hexabutyldisiloxane, ob- 
tained by the hydrolysis of the corresponding trialkyl halide (ethoxy) of the silanes (1). 


The dipole moment of hexamethyldisiloxane has been determined by a number of authors [2, 3], while 
the dipole moments of the other hexaalky! derivatives of disiloxane were measured for the first time by us, The 


dipole moments were calculated by us from the magnizade of the dielectric constants se dilute solutions of these 
_ Compounds in a nonpolar solvent, n-hexane. 


The dielectric constants were measured in an apparatus operating by a pulsating method. The instrument 
was stabilized by a piezo quartz crystal with a frequency of 7.59-10° hertz. The measuring condenser consisted 
of three concentric platinum cylinders, The outer and inner cylinders were connected £0 each other in several 
places by platinum wire and this electrode was grounded, so that the middle electrode was shielded. 


The interelectrode capacity of this condenser proved to be 12,363 pF for measurements in benzene. Using 
this figure and the results of the experimental data from the measurement of the capacity of this condenser filled 
with the compound, we calculated the dielectric constant of toluene, n-hexane, and hexamethyldisiloxane at 
25°. The values eee and the literature data are given in Table 1, 


TABLE 1 ete Comparison of these data shows the very high 


Dielectric Constants of Toluene, and precision of the 
at 2". 


Measurement of the dielectric constant ¢, the d 
density d, and the refractive index np was carried out 
Our Lit, ; at 25 4 0.05°, The dielectric constant was determined 
Compound | gota esidata ey | ae with an accuracy of 0.02%, The density of the solutions 

was determined with a pycnometer with an accuracy of 
0.02% and the refractive index in an IRF-23 tefracto- 
 Tolwene 2,3744 |2, 40,03 Meter with an accuracy of 0.01%. 


- The dipole moments of the hexaalky] derivatives 


2,1719 |2,17* (°) a of disiloxane were calculated by the method of Hederstrand 


[7] according to the formula: 


where p is the dipole moment, Pop is the orientation polarization, and T is the absolute ‘temperature, ; 


for T=20°, 


The orientation polarization is associated with the total polarization of the dissolved material P,, and the 
deformation polarization Pp, assumed to be equal to the molar refraction, by the following relationship 3 


The sien oo indicates that the values P,, and PDo are extrapolated to infinite dilution by the | 
method of Hedesstrand, 


The total polarization at infinite dilution was calculated by the following formulas, in which the designation 
1 refers to the pure solvent and the designation 2. refers to the dissolved material; the dielectric constant e¢, the 
density d, and the refractive index np without subscripts are the values characteristic of the solution; Cz is the 


mole fraction of the dissolved substance, and My and Mg are the molecular weights of the solvent and the dissolved 
material, respectively, 


The total polarization of the dissolved material is: 


Pam + Bass 


The deformation polarization of the dissolved material is: 


(Ma — 84,5 Ms) Bryn, 


In Table 2 are given the constants for the pure solvent for the calculation of Pg and Pow: 


TABLE 2 In Table 3 are given the results of measurements of 
the dielectric constant (¢), the density (d), and the refractive 

index (np) of solutions of the hexaalkyl « derivatives of di- 

Constants tor calculation of Po siloxane in n-hexane for various concentrations of the dis- 


solved material,expressed in mole fractions (C,). 

From the data in Tables 2 and 3 the constants were 
or calculated that were necessary for the calculation of the 
dipole moments by Hederstrand'’s method. These constants 
are given in Table 4, 


86,18 | 0,6549 | 1,8854 |131 ,593) 0,3480)26 151 


Constants for calculation of Pp 


For the series of compounds ae, B44, and. yn? are 
n, (25°) a A | B not related linearly to the concentration, therefore it was 
Mecessary to extrapolate to zero concentration, For this 
purpose curves were constructed for = f,(c2), d= fz (cy), 
1,074 | 1.6835 | 0,3474 | _ and ng= f3(cg),and tangents were drawn at the point 


=0, The tangent of the angle of slope of the tangent line 
to the axis of concentration also gave the value sought. 


As indicated above, in the literature sions are data only on the dipole moment of hexamethyldisiloxane. 
The dipole moment of this compound measured in benzene was 0.80 D [2]. According to other data [3], the 


dipole moment of hexamethyldisiloxane measured in benzene at 30° is 0.79 D, These values — well with 
that obtained by us, 0.78 D, 


The values of the dipole moments of the hexaalkyl derivatives of disiloxane given in Table 4 show that 


the Si-O bond is strongly polar, This is the result of the considerable difference in the ey of 
Si and O, 


The observed decrease in the magnitude of the dipole’ moment of the molecules contaibing the ethyl, 


propyl, and buty! radicals can be explained, apparently, by an increase in =e valence angle elicited by - 
pushing apart of the _— groups, 


where 
dy (n? + 2) 
634 


TABLE 3 


Experimentally Found Values of and For Solutions of Derivatives of 
Disiloxane in n-Hexane 


) 


Hexamethyldisiloxane in n-hexane Hexapropyldisiloxane-én n-hexane 


0 | 41,8854 0,6549 1,3724 0 41,8854 0,6549 | 1,3724 
0,0206 1,8956 0,6585 1,3726 0,0197 1,9032 0,6659 1,3767 
0,0353 1,9029 0, 6607 1,3727 0,0346, 1,9182 | 0,6725 1,3799 
0,0499 | 0,6633 1,3728 0,0496 | 0,9334 0,6788 a, 13824 


Hexaethyldisiloxane in n-hexane Hexabutyldisiloxane in n-hexane 


0 1,8854 0,6549 1,3724 0 1,8854 0,6549 1,3724 
,0201 1,9010 0,6635 1, 13755 0,0196 1,9108 0, 6684 1,3781 
0351 1,9107 0.6699 1, 13776 0,0348 1,9294 0,6770 41,3822 
,0499 | 1,9210 | 0,6755 i, 13795 0,0486 | 1,9381 0,6858 14,3856 


Constants for the Calculation of the Dipole Moments of the beeen: Derivatives of 
Disiloxane by Hederstrand’s Method 


Compound 


(CHs)sSiOSi(CHs)s 139} 0, 0 2,5| 0,78 
246,55] 0,772 |0,427 | 86,4 | 0,434] 77,5] 8,9 | 0,66 
330,710,948 |0,640 |110,6 | 0,599|101.3 | 9,3 | 0,67 
414,88 1,245 | 0,6775|143,1.| 0,830|134,9 | 10,2 | 0,74 
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CONDENSATION OF THE ACETAL OF g-CYCLOCITRAL 
WITH 1-ETHOXYISOPRENE 


Academician I, N, Nazaroy and Zh. A. Krasnaia 


A method of synthesis developed by us previously for unsaturated aldehydes of the isoprenoid type, which was 
based on the condensation of acetals with 1-alkoxydienes [1],permits lengthening the isoprenoid carbon chain 
by five or ten carbon atoms at one time, 


By the use of this method such polyenals were prepared as octatrienal, dehydrocitral, farnesynal, etc., 
and a series of a, g-unsaturated ether- aldehydes also were 4-ethoxycitral, 4,8-diethoxyfarnesal, 
etc, 


This interesting reaction opens a simple way for the synthesis of § -ionolideneacetaldehyde and the alde- 
hyde of vitamin A, and with this objective we > investigated the condensation of the acetal of 6 - en q@ 
with 1-ethoxyisoprene (ID. 


The previously unknown acetal of g-cyclocitral (1) was obtained by the action of orthoformic ester on 
8~-cyclocitral, 


In the presence of zinc chloride the condensation of the acetal of g- cyclocitral () with ethoxyisoprene 
(ID results in a mixture of the ether-acetals of the Cys aldehyde (III) and the Cy) aldehyde (IV) with yields of 
44.6 and 25% respectively, these peoducts being easily separated by vacuum distillation, 


The best yields of the ether- acetals (111) and (Iv) were obtained with a 2s 1 aeeees of the acetal (I) and the 
ethoxyisoprene (II) and a temperature of 40-45°, 


By hydrolysis of the ether-acetal (III) with dilute orthophosphoric acid, we smoothly obtained ethoxydihydro- 
B-ionolideneacetaldehyde (V), the reduction of which with sodium borohydride yielded the corresponding ethoxy- 
dihydro-g -ionolidenethyl alcohol (VI). 


From the ether- acetal (III) there was obtained in the action of orthophosphoric acid 
in dioxane the g -ionolideneacetaldehyde (VII), 


: 

| | 

(OCH, 

u) 
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By similar conversions from the ether- acetal (IV) it was possible to accomplish the synthesis in good 
yields of the diethoxybisdihydroaldehyde of vitamin A (VIII) and diethoxybisdihydrovitamin A (1X), which are 


‘important intermediate products for the synthesis of vitamin A and which may have biological interest in them- 
selves. 


EXPERIMENTAL 


Diethylacetal of g-cyclocitral (I), A solution of 104 g of g-cyclocitral (b. p. 93-95°/ 10 mm; n™, 
1.4958), 130 g of orthoformic ester, and 14.3 mg of p-toluenesulfonic acid in 48 ml of abs, ethyl alcohol was 

allowed to stand for 3 days at room temperature, and after neutralization with sodium ethylate the mixture was 
distilled in vacuo, 


As a result of 2 distillations the following fractions were obtained: 

1st fraction (67-70°/36 mm, n'"p 1.8960), 70 g orthoformic ester; 

2nd fraction (93-104°/10 mm, ny 1.4880) 62g starting B-cyclocitral; 

3rd fraction (104-1127710 mm, 1.4710) 58g mixture of B- -cyclocitral and its acetal. 


The 3rd fraction obtained from several experiments (103 g) was distilled on a fractionating column with a 
glass cap. After removal of the g-cyclocitral the residue was distilled from a a Sage flask and in this way 
$2.5 g of the acetal of g-cyclocitral (1) was separated with b. 0. 105-107°/7 mm, n™p 1.4615. 


Found %: C 14.43, 14.47; H 11.40, 13.41. Calculated: C 74.29; H 11.58. 


From the acetal (I) a semicarbazone was obtained with m. p. 164-166° (from ethanol), which gave no 
depression with the semicarbazone of 6-cyclocitral. . 


Condensation of the acetal of 8-cyclocitral a) with silica (. To a mixture of 40 g (0.177 
mole) of the acetal (1) and 4 ml of 10% zinc chloride solution in ethyl acetate was added slowly (in 3.5 hours) 
at a temperature of 42° and with stirring 10 g (0.089 mole) of ethoxyisoprene (I), Then the mixture was stirred 

for 1 hour and 15 min, more at a temperature of 42-45°, after which it was cooled, diluted with ether, washed 


with 5% sodium hydroxide solution, then with water, dried, aad distilled, As a result of 2 fractional distillations 
in vacuo the following fractions were obtained: 


1) 24.1 g of the starting acetal (I) with b. p. 68-73°/0.7 mm, n!5)) 1,4670; 


2) 10 g (yield * 44.6%) of the ether-acetal of the Cyg aldehyde (III) as a colorless liquid with b. p. 
105-107 /0, 08 mm, n”™ p 1.4740, d” 4 9.9466, MR found 100.5, calculated 100.97. 


Found%: C 174,13, 14 H 11.17, 11.03. Calculated %: C 74,50; H 11,32. 


3) 1.4 g (yield * 25%) of the ether- acetal of the Cy aldehyde (IV) as a yellowish, viscous liquid with 
p. 152-156°/0.07 mm, n™ p 1.4828. 


Found%: C 174,92, 75.04; H 11,06, 11.15. ee Calculated %: 74.61; H 11.18. 


Ethoxydihydro-g -ionolideneacetaldehyde (V) (3- methy]-5- ethoxy- 
penten-2-al), A mixture of 10 g of the ether-acetal (III), 25 ml of 5% orthophosphoric acid, and 5 ml of ethyl 
alcohol was stirred at 95° in a current of nitrogen for 1 hour, After the reaction mixture had been cooled, ether 
was added, the organic layer was separated, washed with sodium bicarbonate solution, then with water, dried 


with sodium sulfate, and distilled in vacuo, 6.2 g of the ether-aldehyde (V) was obtained with b. p, 98-99°/0.07mm, 
1.5045. 


* Yield calculated on acetal (1) going into the reaction 


q 


Amax(inethanol) mH Uog € 4 086). 
Found: C 17.45, 77.18; H 10.88, 10.82, Calculated: C 77 2; H 10.67. 


The 2,4-dinitrophenylhydrazone of the ether- aldehyde (V) was obtained as a mixture of geometric isomers 
with m, Ps 137-145° (after 2 recrystallizations from ethanol), 


368 mp (log € 4.14Y, 290 mp (log 3.79), 256 mp (log 4.107). 


Found %: C 62.29; H 1,29, 7.01; N 13.02, 12,58. Calculated : c 62.13; 
H 1.26; N 12.6, 


The semicarbazone of the ots nitieiie (V) was obtained also as a mixture of geometric isomers with 
m, p. 153-161° (after recrystallization from 90% methanol), 


Found: N 13,28, 13.30. Calculated %: N 13, 07. 


B-lonolideneacetaldehyde (VII), A mixture of 2.5 g of the ether-acetal m, 1 ml of 99% pA 
phoric acid, 20 ml of dioxane,and 6 ml of water was heated for 5 hours at 88-90° in a current of nitrogen in the 
‘presence of traces of hydroquinone. During the heating the dioxane,and water distilled off slowly; at the same 
‘time a 4:1 mixture of dioxané and water was added to the flask so that the volume of the reaction mixture re- 
mained constant, The reaction mixture was cooled, poured into ice water (30 ml), and the prodact was extracted 

with ether. The ethereal extract was washed with sodium bicarbonate solution, then with water, dried, and 
_ distilled, 1.4 g of an orange-yellow liquid was obtained with b. p. 91-97°7/0, 09 mm. 


The product obtained, admixed with 2 ml of 90% orthophosphoric acid, 20 ml of dioxaneand 6 ml of water, 
was again subjected to the above-described operation, After distillation, 0.7 g was obtained of a material with b. p. 


_b. p. 91+94°/0.09 mm, which was g-ionolideneacetaldehyde wa, the 2, ,4-dipheny thydrazone of which melted 
at 195-196° (from a mixture of ethanol and ethyl acetate), 


Amax(inethanol) 319 me (log € 4.191), 408 mp (loge 4.599). 
Found%: C 63.35, 63 18; H 6,50, 6.48; N 14.30, 14.31. Calta Calculated: C 63.31; 


H 6.53; N 14.07, 


‘According to the literature data,the 2,4- dinitrophenylhydrazone of §-tenstthasainentliingte melts at 


199-201", Amax(inethanol) 260 my (log € 4.1987), $20 mp “Goge 4.1461), 400 mp (loge 4.5635) [2]; 
at 198-200", 405 mu (loge 4.5966) [3]. 


Ethoxydihydro-g -ionolidenethyl alcohol (VD (3-methyl-5- 5- (2, 6 
penten-2-ol), To a solution of 2.2 g of the ether-aldehyde (V) in 18 ml of 96% ethyl alcohol, with stirring 


and at a temperature of 10-12, was added 370 mg of sodium borohydride (85% content) over a period of 1 hour — 
in a current of nitrogen, 7 | 


Then the mixture was stirred for 1 hour more at the same temperature and left overnight 2t room tem- 
perature. The excess sodium borohydride was decomposed with acetic acid (7-8 drops), the alcohol was distilled 
off in a slight vacuum, water and ether were added to the residue, the ether layer was separated, and the aqueous 


layer was extracted twice with ether, The combined ether extract was washed with water, dried with calcined 
. Magnesium sulfate, and distilled. 


1.65 g of ethoxy dihydro-g -ionolidenethy1 alcohol was with b. p. ‘87-8870. 025 mm, 
n 1.4943, 
D 


Found‘: C 16.60, 76.85; H 11,49, 11.44. Cy7H»0;. Calculated %: C 16.66; H 11.35. 
“Number of active hydrogens found: 0.99; 1.06, 


Diethoxybisdihydroaldehyde of vitamin A (VIID) (3,7-dimethyl-5,9-diethoxy-9-(2,6 
1-yl-1)nonadien-2,6-al), A mixture of 13.7 g of the ether-acetal (IV), 29 ml of 5% orthophospboric acid, and 
6 ml of ethyl alcohol was stirred in a current of nitrogen at 95° for 1 hour and treated as described above for the 


peepasation of the ether-aldchyde (V), 9 g of the ether-aldchyde (vin) was isolated with b, p. etn ec mm, 
n® p 1.5070. 
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240 mu (loge 4.123), 340 my (loge 3.677). 
Found C 76,92, 76.91; H 10.55, 10,54, Calculated: 16.52; H 10.70, 


It was not possible: to obtain the 2,4-dinitrophenyIhydrazone and the semicarbazone of the ether- aldehyde 
(VIII) in the crystalline condition, 


Diethoxybisdihydrovitamin A (1X) (3 9- diethoxy- 9-(2,6,6-trimethylcyclohexan-1- yl-1) 
nonadien-2,6-0l), To a solution of 3.1 g of the ether-aldehyde (VIII) in 18 ml of 97% ethyl alcohol, at a 
temperature of 10-12° and with stirring, was added over a period of 2 hours 370 mg of sodium borohydride. 
After treatment as described above and distillation,2.4 g of oe gyri A (IX) was obtained as 
a viscous, almost colorless liquid with b, p, 143-145°/0.025 mm, n™p 1.5020. 


Found %: C 75.85, 75.90; H 11.11, 11.20. Cagly,03, Calculated %: C 76.12; H 11.18. 
Number of active hydrogens found: 0.85; 0.85. 
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FIAN 

GDI 

GITI 

GITTL 

GONTI 
Gosenergoizdat 
Goskhimizdat 
GOST 

GTTI 

IL 


ISN (Izd. Sov. Nauk) 


‘Izd. AN SSSR 
Izd. MGU 
LENZhT 
LET 
LETI 
LETIZhT 
Mashgiz 
MEP 
MES 
MESEP 
MGU 
MKhTI 


MOPI 
MSP 


NII ZVUKSZAPIOI 


NIKFI 
ONTI 
OTI 

OTN 
Stroiizdat 
TOE 


SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTLY 
ENCOUNTERED IN SOVIET PERIODICALS 


Phys. Inst. Acad. Sci. USSR. 
Water Powet Inst, _ 

State Sci.-Tech. Press 

State Tech. and Theor. Lit. Press 
State United Sci.-Tech. Press 
State Power Press 

State Chem. Press 
All-Union State Standard 

State Tech. and Theor. Lit. Press 
Foreign Lit. Press 

Soviet Science Press 

Acad. Sci. USSR Press 


. Moscow State Univ, Press 


Leningrad Power Inst. of Railroad Engineering 

Leningrad Elec, Engr. School 

Leningrad Electrotechnical Inst. 

Leningrad Electrical Engineering Research Inst. of Railroad Engr. 
State Sci.~Tech, Press for Machine Construction Lit. 

Ministry of Electrical Industry 

Ministry of Electrical Power Plants 

Ministry of Electrical Power Plants and the Electrical apes 
Moscow State Univ. 

Moscow Inst. Chem. Tech. 

Moscow Regional Pedagogical Inst. 

Ministry of Industrial Construction 

Scientific Research Inst. of Sound Recording 

Sci. Inst. of Modem Motion Picture Photography 

United Sci.-Tech. Press 

Division of Technical Information 

Div. Tech. Sci. 

Construction Press 

Association of Power Engineers 


- Central Research Inst. for Boilers and Turbines 


Central Scientific Research Elec, Engr. Lab. 

Central Scientific Research Elec. Engr. Lab. ~beinteny of Electric ~— Plants 
Central Office of Economic Information 

Ural Branch 

All-Union Inst, of Rural Elec. Power Stations 

All-Union Scientific Research Inst. of Meteorology 

All-Union Scientific Research Inst. of Railroad Engineering 

All-Union Thermotech. Inst. 
All-Union Power Correspondence Inst. 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 


information about their significance lina available to us. ~ Publisher, 
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